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BENJAMIN FRANKLIN SHUMARD. 
In the current literature of geology foity years ago there 
were few American namea that appeared more frequently and 
stood more honorahly than that of Dr. B. F. Shumard of St. 
Louie. With the exception of that of Dr. D. D. Owen, hie waB 
aBBociated with more of what was known of the geology of the 
country west of the MieeiBsippi than any other. In the car- 
rying out of a purpose to gather together in the GEoLOOtST hrief 
memoirs of the early geologists of the western and particularly 
of the northwestern part of the country, we are impressed with 
the record of careful paleontological work which Dr. Shumard 
accomplished under the constraint of unfavorable circumstan- 
ces, and with the general correctnees of the ideas which he enter- 
tained of the geology of the country. His work extended from 
Minnesota and Oregon to Texas, but was interrupted by the 
war of the Rebellion. The following sketch is condensed from 
information furnished chiefly by Dr. A. Litton of St. Louis,, 
and from biographical sketches of Shamard, one by Dr. L. P. 
Yandell, published in the Western Journal of Medicine, In- 
dianapolis, Dec. 1869, and another by Mr. L. Gray, which ap- 
peared first in the editorial columns of the "Missouri Republi- 
can" and subsequently in Vol. XLViii (2nd aer.) of the Ameri- 
ean Journal of Seienct. The accompanying portrait ia re- 
produced from a photograph in the possession of Dr. Litton. 
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2 Betyamin Franklin Shumard. 

Benjamin Franklin Shumard was born Nov. 24, 1820, at 
Lancaster, Penneylvania. Hia father, John Shumard, vas a 
direct descendant of the Huguenots, a man of rare intelligence, 
culture and moral worth. His mother, the daughter of a dis- 
tinguished inventor of Philadelphia who was at different timee 
also an author, editor and publisher, and who received high 
honors in both civil and military life, is described as having a 
"taste for letters conjoined with sound judgment, deep piety 
and natural sweetness of disposition." 

Thus the childhood and early youth of Dr. Shumard weft 
spent in that best of all training schools, a cultured christian 
home ; and here were laid the foundations of his pure and lofty 
character. 

In 1835 his father removed to Cincinnati and soon after, at 
the age of 15 the son entered Miami University, Oxford, Ohio. 
Here he remained three years, an earnest and successful stu- 
dent. At the end of that time and before he had iinished his 
course, bis father returned to his native state, taking the son 
with hina. Two years later he entered the Medical College of 
Philadelphia, but left after one year to accompany his parents 
to Louisville, Kentucky. Here he continued his medical stud- 
ies and graduated with distinction from the Medical Institute 
of Louisville, in 1842. He entered upon the practice of his 
profession in a small town in Kentucky where be was a 
stranger to all ; and his extreme modesty, scholarly tastes and 
love for science prevented his making acquaintances or secur- 
ing much practice. His father said sadly when he returned 
home discouraged at the end of the year, that he was "afraid 
Benjamin had so many rocks in his head there was no room 
left for medicine." His mother symputhized with his love for 
science and urged him to pursue his investigations and his 
geological studies. In Prof Cobb he found a congenial spirit, 
and together they explored all the localities rich in organic 
remains in the vicinity of Louisville, and made collections of 
fossils. In the study of these Dr. Shumard's medical educa- 
tion was an invaluable aid. 

When Mr. Edward de Vemeuil, in the course of a tour to 
determine the paraUelism of the paleozoic formations of North 
America with those of Europe, visited Louisville in 1846 he 
was delighted at finding in Shumard's collections fossils eo 
analogous to many in his own cabinet as to fix beyond doubt 
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the equivalency of the corresponding formations, and in token 
of his appreciation of the work of the young Bcientist he pre- 
sented him with a copy of his splendid work on the Paleon- 
tology of Russia. 

Dr. D. D. Owen visited Louisville with M. de Verneuil and 
soon after appointed Dr. Shumard as assistant on the survey 
of the northwestern territories. He continued in this work 
for four years and took a prominent part in the preparation 
for and contributions to those important earliest government 
reports, viz : The geology of Wisconsin, Iowa and Minnesota. 

During this time, in 1847, he prepared a paper under the 
title of "Contributions to the Geology of Kentucky," which 
contained many new facts of observation and is still referred 
to by those who have occasion to notice the organic remains 
of Kentucky. This attracted unusual attention, and made his 
name familiar to geologists in Europe and America. 

In 1850 Dr. Shumard accompanied Dr. Evans to assist in a 
geological reconnaissance of Oregon. He spent eighteen 
months in this work and prepared the paleontological report. 
During the year following he was occupied in identifying the 
fossils collected by his brother in an expedition for explora- 
tion in the Red River region under Capts. B. B. Marcy and G. 
B. McClellan. 

In 1853 he was appointed aseiBtant geologist and paleontolo- 
gist of the Missouri geological survey under Prof. Swallow. 
He gave his usual diligence and fidelity to this work until 
called in 1858 by governor Runnels of Texas to take charge of 
the newly authorized survey of that state. 

He entered upon this great work with enthusiasm and in the 
hope and expectation of being able to carry it forward to its 
completion. For two years he pursued it industriously and 
made a reconnoi seance of the entire eastern and middle por- 
tions of the state. He made the interesting discovery that the 
geological deposits of Texas are the most complete of any 
known on the continent of America, ranging from the Arch- 
sean up to the latest Tertiary formations. The specimens 
collected during the continuance of the survey were arranged 
preparatory to writing his report, when Gen, Houston, who had 
just been elected governor, removed him from office to make 
room for one of his political supporters. A short time after, 
the war of the rebellion broke out, and put an end to geologi- 
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cal surveys for the time in our country. Dr. Shumard returned 
to St. Louis and with difficulty succeeded in rescuing hia 
library from Austin after the close of the war. Soon after 
hia return from the Oregon expedition in the autumn of 1S52 
he married Miss E, M. Allen of Louisville, a lady of rare liter- 
ary attainments, and of congenial tastes, who had made his 
home in Austin, as well as in St Louis, a delightful one. 
Upon bis return to St. Louis in 1861, he resumed the practice 
of his profession as a means of support for his family. With 
this stimulus he succeeded in winning not only the support 
he sought for his family, but position and competence in a 
profession which had been abandoned for fifteen years. He 
YiaA elected professor of medicine in the University of Missouri 
in 1866. After two years of succeseful work in this field con- 
sumption developed. He declined rapidly and died the 14th of 
ApriJ 1869, in the 49th year of his age. His wife and two 
daughters survived him. At the time of Dr. Shumard's death 
he was president of the St. Louis Academy of Science, and 
corresponding member of the Academies of Philadelphia, Cali- 
fornia, Cincinnati and New Orleans, in America. He was also 
a corresponding member of the Geological Society of London, 
the Qeological Society of France, the Imperial Geological So- 
ciety of Vienna and the Imperial Geological Society of Darm- 
stadt. 

His labors have attracted the attention of geologists in all 
countries. The high estimation in which they are held la 
attested by the constant reference to them in later works that 
relate to the geology of North America. 

USI 07THB PUBUOATXONB OP B. F, BHUMABD. 

1847— Contribntions to the geology of Kentucky. Weilrm Journal of 
Medicine and Surgery. 

1851 — Geological report of local detailed observations in the valleys of 
the Minnesota, Miseiesippi and WiBconsin rivers, madeintheyeara 
1848 and 1849. Ouien'j report on the geology of Witeontin, Iowa and 
Miwneiota. p. 461. 

— Descriptions of one new genus and twenty-two new species oE 
crinoidea, from the Snb-CarboniferonB limestone of Iowa. (Con- 
jointly tt'"- '^- " '" '- " ' ' "" '"■ 

[First pi: 

p. 57.] 

— On the number and distribution of fossil species in the paleozoic 

rocks of Iowa, Wisconsiu and Minnesota (Coniointly with Owen.V 

Proe. A. A. A. S., 1861, p. 235. 

1852— Deacriptiona of seven new species of Crinoidea from the eub-Car- 
honiferoQs limestone of Iowa and Ulinoia. (Conjointly with Owen), 
/pur. Phil. Aead. Scitncet, vol. ii, 2nd Series, p. 89. 
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the £xpl<n«tioii of the Bed river. 
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p. 38. 

Description of sew fossil crinoidea from the paleozoic rocks of the 
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Deecription of new fossils from the Tertiary formftUon of Oregon 
and Woanington territories, and the Gretaceoos formation of '^n- 
conver's island, collected by Dr. Evans, Trant. St. Loitii Acad. vol. 
l.No2, p. IKI. 

Descriptions of new species of blastoidea from the paleomic 
rocks of' the western states, witli some observations on tne strao- 
ture of the smnmit of the genus Pentremltes. Tratu. St. Loui$ 
Acad. vol. I, No 2, p, 236. 
1858 — Notice of new fossils from the Permian strata of New Mexico 
and Texas, collected by Dr. G. G. Shumard. Tram. St. Loui$ 
Aead. vol. i. No. 2, p. 290. 

Notice of fossils from tbs Permian strata of Texas and New Mex< 
ieo obtained by the United Btates expedition onder Capt. John 
Pope for boring artesian wells, with deseriptions of new species 
from those strata and the Cool Measures oi the region. Trwat, St. 
LouiiAcad. vol. i. No. 3, p. 387. 
1S59 — Observations on the geology of St. Genevieve, being an extract 
from the report mode to the Missouri Geological Survey in 1859. 
Traru. St. Louu Aead. vol. i. No. 3, p. 404. 
1860— Observations npon the Cretaceous strata of Texas. Trani. St. 
Louii Aead. vol. i. No. 4. p. 682. 

Descriptions of new Cretaceous fossils from Texas. IVant. St. 
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Dicotyledonous leaves in Cretaceous strata of Texas. Trant. St. 
Louu Acad. vol. ii. No. 1. p. 140. 
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Trant. 81. Louii Aead. vol. ii. No. 1. p. 166. 
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Lotiii Aead. vol. u. No. 1. p. 162. 
1862 — New fossils from the primordial xone of Wisconsin and Missouri. 
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Descriptions of 
n, No. 1. p. 108. 

Notice of a (supposed) meteorite. Tram. Si. Loait Acad.vol.ii, 
No. 1, p. 183. 
1865 — On oil springs in Missouri. Trant. St. Louii Acad. vol. ii. No. S, 
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6 Indiana Natural Gas Field. — Zewrstt. 

Table of genera and species of echmodennata in the geoliwical 
fonnatione of North America. ZVani. Si. LouU Aead vol. ii. No. 3. 
p. 401. 
Dr. Shomard'B cootribntions to the report of Dr. Evans on the eeolo- 
KT, topograpbjr and resources of Ore^n has never been published. 
Dr. Evans died soon after its completion. He was enn^ed on the 
work actively for five vears. Evans' report vas ordered printed by 
Congress in 1S60 but there seems to have been some informalitv in the 
execntjon of the proper order. Shnmard closes hie sketch of Evans 
(1861) aa follows: "It is earnestly hoped that Gon^ss will, at an ear- 
ly period, make the Decessai? provisioa tor the pnnting of this impor- 
tant document, the preparation of which has cost each a large expendi- 
ture of labor and money, and which promises to be of the highest value 
to science and the people for whose benefit the sorvey was ordered." 
3>atM. St. Louii Aead. vol. u, p. 1S4. 



STUDIES IN THE INDIANA NATURAL OAS FIELD. 

Bi; rBiNK LEVaWtTT. 

The excitement occasioned by the discovery of natural gae in 
the Trenton limestone at Findlay, Ohio, in 1SS4, has resulted 
in BQch a honey-combing of the strata of Indiana, Ohio, and 
southern Michigan by deep gas boring as would scarcely have 
been dreamed of five years ago. More than 250 borings made 
in Indians have reached the Trenton UmeBtone, and several 
have been pushed to still greater depth, some even to the un- 
derlying sandstone. It is obvious that the more numerous are 
these borings, the more complete is our knowledge of the hith- 
erto concealed strata and their products. Minor phases of 
structure or topography and Isolated gas or oil belts which the 
first few borings failed to reveal, are being brought to light as 
the borings increase in number, and generalizations made 
when the borings were few, must in many instances be quali- 
fied as they multiply. It is sot the aim of this paper to de- 
velop theories and principles ; its value lies in the fulIneBS of 
the data collected, and in the compactness of their arrange- 
ment which renders comparison easy, thus bringing out their 
signifiGance in a manner not possible to a loose arrangement. 
The well-sections here given, so far as they are not assigned to 
other authorities, were collected incidentally by the writer 
while making a study of the glacial phenomena in the vicinity 
of the gas field. Since our study was carried through every 
township of the area, it afforded excellent opportunity for col- 
lecting the records of the gas borings. Lack of time, however, 
pnjijpted a thorough examination of suits of specimens which 
IP •'<»»'. Afltancee had been preserved. The records of many 
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of the borings were obtained ftom members of gas companies 
in the towns where they were made, and are considered quite 
trustworthy. Some were obtained from well-drillers. Of about 
one-half of the borings no records have been preserved, and it 
was found necessary to rely upon statements made from mem- 
ory either by well-drillers or by members of gas companies. It 
was feared that many errors might exist in a compilation of 
data, of which so large a percentage was acquired in this way 
but our tabulated sheet fails to discover them, — on the con- 
trary it establishes the general reliability of the sections as re- 
ported. In the accompanying tables the divisions are based 
upon broad differences in structure- It is probable that by an 
elaborate system of optical and chemical analyses of such 
suits of specimens as have been preserved a good classification 
might be made, comparable in the number of groups represent- 
ed, though perhaps not identical with, the outcropping groups 
which appear in other states between the horizon of the De- 
vonian shales and that of the Trenton limestone. We find 
that such a careful analysis as is called for has not been made. 
A few suits of specimens which have been secured by Dr. A. 
J. Phinney of the U. S. Geol. Survey, have been sufficiently ex- 
amined to satisfy him that several groups not hitherto includ- 
ed in the reports of the Indiana Geological Survey are brought 
to light by these well-drillings. The present status of knowl- 
edge upon this subject is such, however, as to compel us to 
ignore these minor divisions of the "upper limestone" and 
"lower shales" and recognize but three terranes above the 
Trenton limestone, viz. : the "upper shales," the "upper lime- 
stones" and the "lower shales." 

Boundaries of the Devonian shales. — The gas borings 
have demonstrated the fact that in north-eastern Indiana the 
Devonian, or upper shales of our table, extend south scarcely 
far enough to cover DeKalb, Noble, Kosciusko and Marshall 
counties, for at Garrett, Columbia City, Larwill, North Man- 
chester and Rochester the upper rock is the limestone which, 
farther north, underlies the shales. In western Indiana they 
are found to He entirely west of Logansport, Frankfort, Sheri- 
dan and Indianapolis ; but south of the latitude of Indianapo- 
lis they extend farther east, being struck at Greenwood, Frank- 
lin and Edinburgh in Johnson county. 
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Devonian limestone. — 
Judging from outcrops of 
Devonian limestone in 
Hamilton and Boutheaatem 
Madison county, at Logans- 
port and elsewhere, we con- 
clude tbatmuch of Marion, 
Hamilton, Tipton, Clinton, 
Howard, Cass and Carroll 
counties have a limestone 
oftliis age as the surface 
rock. Examination of a few 
samples from borings in 
these counties confirms us 
in this opinion, but since 
we have no better evidence 
than that derived from a 
hurried inspection of the 
color and texture of rock 
drillinge in the places where 
no outcrops occur, it seems 
unwise to attempt a com- 
plete separation from the 
underlying Upper Silurian 
limestone. 

Upper Silvrian lime' 
gtone-^vet eastern Indiana 
the prevailing surface rock 
is the Niagara limestone. 
Here and there it has been 
entirely removed by pre- 
glacial erosion, and in 
southeastern Indiana it is 
entirely wanting, the Lower 
Silurian shales forming the 
surface rock. The Niagara 
probably had, previous to 
its erosion, a general thick- 
ness of 300-400 feet. It is 
thicker near the west line 
of its outcrop where the De- 
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vonian limestones set in, than it is near the east line 
of the state. How much of this difference is due to original 
inequality and how much to erosion has not been determined. 

Variation in thickneta of '^lower ahalea" — The "lower 
ehaleB" become gradually thicker from west to east both in In. 
diana and Ohio. By reference to the accompanying tablea it 
will be seen that along the western portion of the district 
which they cover, the thickness in Cass and Carroll counties 
falls below 400 feet, and in Clinton, Boone, Hendricks and 
Morgan counties their usual thickness lies between '400 and 
GOO feet. Passing eastward from these counties we find a 
gradual increase, the thickness in the eastern range of coun- 
ties, (south of the Wabash river,) being from 700 to 900 feet. 
Continuing eastward into Ohio, a similar increase is noted, the 
thickness in Madison and Union counties being over 1100 feet, 
as is shown by Prof. Orton's report. (Geology of Ohio, Vol. 
vi). ' A belt taken in the same manner across the north- 
ern portions of Indiana and Ohio shows nearly as great 
an increase in the thickDess of these shales, but it lies 
mainly in Ohio, there being at Goshen, Indiana, 560 feet 
and at Bryan, Ohio, but 650 feet. In Ottawa, Seneca, 
Sandusky, Marion and Wyandotte counties, however, the 
thickness averages more than 1,000 feet. This thickening of 
the shales toward the east was not known previous to the gas 
explorations and consequently a mistaken idea has prevailed 
as to the trend of the main axis of the Cincinnati anticlinal, 
north from the Ohio river. Its main axis was supposed to pass 
east of north past the western end of lake Erie into Canada, 
through this belt of thick shale ; but it is now known that the 
main axis passes northwest into Indiana, as we shall presently 
show. There is, however, a minor axis in western Ohio along 
the line formerly considered to be that of the main axis, the 
value of which is shown in the table of altitudes of the Tren- 
ton limestoae. 

Cincinnati anticlinal. — The column of the table devoted to 
the altitude of the Trenton brings out the main features and 
also some of the minor phases of the topography of this inter- 
esting formation. 

' The table which pertains to the Ohio district was compiled from 
data given in the volume referred to, and is inserted for purposes of 
comparison. 
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A broad, elevated, nearly level-topped tract, to which Piof. 
OrtoD has given the names "arrested anticlinal" and "terrace,'' 
enters Indiana in its southeastern corner and passes north* 
west with a gradual decline in altitude to southern .Wabash 
and Miami counties and central Howard county. It underlies 
the greater part of the following counties : Dearborn, Franklin 
Rush, Fayette, Uoion, Wayne, Henry, Hancock, Hamilton, 
Madison, Delaware, western Randolph, western Jay, Blackford, 
Grant, Tipton, Howard, southern Miami and southern Wabash. 
Tbe highest ascertained points which have come to the 
writer's knowledge are at Brookville and Cambridge City — 175 
and 176 feet A. T. ; and the lowest are in Tipton and Howard 
counties, near the northwestern end of this elevated table, 
where several borings show the Trenton to be 100-140 feet be- 
low tide. That the line of strike lies in a S.E. — N. W. direc- 
tion is evident from the fact that any line of the length, for in- 
stance, of the distance from Cambridge City to Kokomo (about 
75 miles,) taken in any other direction from Cambridge City 
than a general S. E. or N. W. course, would show a much great- 
er descent. For example, at BlufTton, 75 miles north from 
Cambridge City.the altitude is 230 feet below tide, and at Dan- 
ville, some 75-80 miles west, 518 feet below tide, while at Ko- 
komo itis only 83 feet below tide. Amboy, in Miami county, 
and La Fontaine in Wabash county, each about 75 miles from 
Cambridge City, show but little more descent than Kokomo, 
thus demonstrating that the level-topped phase of the Trenton 
here occupies a breadth of about 30 miles. West from Koko- 
mo or east from La Fontaine a rapid descent soon begins, sa 
the table shows. 

In Miami and Cass counties the Trenton makes a rapid de- 
scent toward the northwest as is shown by borings along the 
WahEiBh river, its altitude at Peru being 260 feet, and at Lo- 
gan8port344 feet below tide. At Royal Center, in northern 
Cass county, the Trenton stands markedly higher than at Lo- 
gansport, its altitude being but 190 feet below tide. 

Sattrio-weat axis of upheaval. — There is probably sn axis 
of upheaval running from Royal Cent«r west to Monon and 
thence to Kentland, Indiana. No borings of which we have 
the record have struck the Trenton along this line, but the 

' Geologj of Ohio, vol. vi, p. 94. 
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rock out-crops and de«p boringB to the north and aouth indi- 
cate that such an axis exists. At MoDon the Niagara limestone 
out-crops at an altitude 675 feet A. T. If we assume that the 
Niagara has here its known maximum thickness, 430 feet, and 
that the lower shales have a thickness of 350 feet, — which is a 
liberal allowance since they are but 313 feet in one of the bor- 
ings at Delphi, and since borings in Illinois, cited on a subse- 
quent page, as well as those given in the tables, show that the 
shales decrease in thickness toward the west, — the Treuton 
should be struck at Monon at about 75 feet below tide. 

Three miles east of Kentlsnd is an out-crop of limestone 
which is thought by S. S. Gorby, Esq., of the Indiana Geologi- 
cal Survey, 'to be Niagara, but which may possibly be a Lower 
Silurian limestone. If we consider it Niagara and give it the 
known maximum thickoess of this formation, 400 feet, and as- 
sume that the lower shales are 300 feet in thickness, the Tren- 
ton would be about 25 feet above tide at this point. 

From Kentland the axis probably bears northwest. We find 
evidence of an anticlinal north of the Kankakee river in the 
borings made at Chicago, Joliet and Kankakee. In the well at 
the Union stock-yards in Chicago the Trenton is struck at 93 
feet A. T. At the state penitentiary near Joliet the bottom of 
the lower shales is reached at 175 feet A. T. Here a rock de- " 
scribed as a "sharp sand rock" is struck. We thinkitprobable 
that this is Trenton limestone, for we have frequently tested 
rock drillings pronounced by the well drillers sandstone and 
found them to be granular limestone. A boring near Kankakee 
reaches the bottom of the lower shales and enters what is prob- 
ably Trenton at 17 feet below tide. There are indications that the 
crest of the anticlinal is south of Joliet. One and a half miles 
west of Manteno a prominent ridge of Niagara is exposed at 
an altitude of about 750 feet, A. T. The Niagara at Joliet is 
35.5 feet, and at the Kankakee boring is 388 feet in thickness. 
The lower shales at Joliet are 110 feet, and at the Kankakee 
boring 213 feet in thickness. Manteno is about 20 miles aouth 
of the Joliet and 15 miles north of the Kankakee boring. If 
we assume a uniform increase in the thickness of the limestone 
and shales toward the south from Joliet the former would be 
37S feet and the latter about 170 feet, and the combined thick- 
ness 545 feet. Deducting this from the altitude of the rock 

■ See Geological Report of Indiana. 1886-6. pp. 236-7. 
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out-crop we have 205 feet A. T., as the altitude of the Trenton 
at the Manteno ridge. 

The eastem-moBt out-crop of the Tre&ton in northern Illinois 
IB the one four miles northeast of Morris, in Grundy county. 
The crest of the anticlinal is probably denoted by this outcrop 
at an altitude about 550 feet A. T. A few miles west from this 
point is the southern end of a more prominent axis of upheav- 
al. This and similar axes in IllinoiB are discussed by Prof. 
Worthen. ' Coucerning the one referred to this statement is 
made: "It enters the state in Stepheoson county, intersects 
Rock river at Grand de Tour and the Illinois at Split Rock be- 
tween LaSalle and Utica, bringing the St. Peter's sandstone to 
the surface on Rock river and the Lower Magnesian limestone 
on the Illinois." Its general trend is N. N, W. to S. S. E. How 
far south of the Illinois it extends he did not determine. The 
continuation of this axis to the north wast across the lead 
region of Wisconsin is discussed by Prof. Chamberlin in con- 
nection with the prominent flexure axes of that state. ' 

The east-to-west axis whose prob&ble distribution has been 
given, apparently connects the Cincinnati anticlinal with the 
upheaval in northern Illinois and southwestern Wisconsin, and 
thus introduces a new feature into the dynamics of the Missis- 
sippi basin. The prominence of this axis above the region north 
of it has been shown by borings in Porter and LaPorte coun- 
ties. Indiana, which strike the Trenton at 400 — 600 feet be- 
low tide, and above the region south of it by a boring at Terre 
Haute, 2400 feet in depth, which does not reach the bottom of 
the Niagara limestone, and by many borings in the coal-fields 
of eastern and central Illinois, records of which occur in the 
geological reports of that state, which are still in coal measure 
strata some distance below sea-level. 

Dittribution of natural gas. — The majority of the strong 
gas wells of Indiana lie within the boundaries of the elevated 
portion of the Cincinnati anticlinal. The limits of the gaa field 
may be roughly outlined by lines connecting the following 
towns: Qreenfleld, Hancock county, Broad Ripple, Marion 
county, Joliet and Sheridan, Hamilton county, Kempton, Tip- 
ton county, Kokomo, Howard county, Amboy, Miami county, 
Somerset and La Fountaine, Wabash county, VanBuren, Grant 

' Oeologj' of Illinoia ; vol, i. pp. 4-7. 

' Geology of Wisconsin ; vol. iv. pp. 422-438, 
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county, Montpelier, Blackford county, Camden and Portland, 
Jay county. On the north and west the gas faile near the line 
where the limestone begins a rapid deacent. Where the sur- 
face of the Trenton is 100-120 feet below tide it is unusufdiy 
saturated with water. The question of altitude is therefore the 
all-important one on the north and west borders of the gas 
field. At the southeast the limite of the gas field are less clear- 
ly defined than in other directions. Here the failure of gas is 
not due to a decrease in the altitude of the Trenton and conse- 
quent swamping by salt water ; on the contrary the altitude is 
greater as a rule than in the productive district. It is due to 
a change in the texture of the gas yielding rock. Prof. Orton 
discovered this fact on the southern borders of the Ohio gas field.' 
He found a granular, porous, dolomitic limestone containing 
but a small amount of insoluble material to characterize the 
productive gas field, while a less porous limestone containing 
but little carbonate of magnesia, but having much insoluble 
material, characterizes the unproductive portion of the Cin- 
cinnati anticlinal. It is the physical structure of the rock, not 
its chemical composition, which determines its capacity to 
contain gas. As might be expected, this change in texture has 
an irregular border, and is more complete at some points than 
at others, consequently it is dilficult to define the limits of the 
gaafield on the southeast. The strong gas wells lie tiorth of a 
line connecting Greenfield, Miincie and Red Key, Jay county. 
Weak wells are found at various points in the southeastern 
counties of Indiana. 

Strength of wells. — Many of those classed in the tables as 
good gas wells yield less than 1,000,000 cu. ft. per day, as their 
capacity to furnish fuel clearly shows. Not infrequently wells 
arc found to yield when piped for fuel no more than half the 
amount indicated by the gauge. There are within the territory, 
however, wells which yield not less than 7,000,000 cu. ft. per 
day. Such are the "Jumbo" well at Fairmount, in Grant coun- 
ty, and the "Granger" wells near Noblesville, in Hamilton 
county. There is often a great diflerence in strength display- 
ed by wells in close ' proximity, the variation being probably 
due to diSference in the texttire of the rock. 

Mifwr anticlinal. — Near the line of Tipton and Clinton 

' Geology of Ohio ; vol. vr, pp.103-105. 
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counties there is e^-idence of a minor anticlinal beneath which 
gas is found, while it is wanting in a narrow belt on the east 
between this productive area and the main gas field. Tipton 
lies in the unproductive belt, and the altitude of the Trenton 
here ia some 35 feet lower than at productive wells five miles 
east or ten miles west from the city. Thia anticlinal appears 
to extend south to Sheridan and joliet in Hamilton county 
and perhaps connects with the main field in the goutbern part 
of the county. We have no records to prove the extension of 
thia anticlinal farther north than Kempton in western Tipton 
county. 

Exceptional wells. — At Oakland, in northeastern Marion 
county, gas is found in the Trenton at 210 feet below tide, or 
about 100 feet lower than in adjacent wells, and below the level 
at which water usually occupies the rock. The record of the 
boring was kept by the secretary of the gas company and ap- 
pears to be thoroughly reliable. Thia forms one of those puz- 
zling exceptions which arise under nearly every rule. Anoth- 
er exception, equally puzzling, occurs at Auburn, in DeKalb 
county. The attitude of the Trenton ia about 150 feet lower 
than at Qarrett, a village five miles west from Auburn. No gas 
waa obtained at Garrett, but awell estimated to furnish 1,500,- 
000 cu. ft. per day waa obtained at Auburn. The following 
rule laid down by Prof. Orton and found applicable nearly 
everywhere else apparently faila here. " The gaa and oil are 
gathered in the arches of the Trenton if such there are. In 
default of arches the high-lying terraces are made to serve the 
same purpose, but the one indispensable element and condi- 
tion of all accumulation is relief." ' Prof. Orton explains the 
occurrence of gas at Bryan, Ohio, at an elevation 180 feet 
lower than that at Auburn, Indiana, as due to a minor eleva- 
tion of the Trenton. In the same manner he explains its oc- 
currence at Oak Harbor and Tiffin,' The only elevation we 
have discovered at Auburn and Bryan is that of a monocHnal 
rising from east to west. It is possible that at Garrett where 
the altitude seema to favor gas accumulation the texture of the 
rock ia such as to exclude the gas, 

Diffsrenca in attitude of saltwater line in Indiana and 
Ohio. — There is a marked difi'erence in the altitude of the salt 
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water line in the gas fields of Indiana and Ohio. Since the an- 
ticlinal in Ohio is lower than that in Indiana and the amount 
of gas present is nearly aa great as beneath an equal area of 
the Indiana anticlinal, the ealt water line must be correspond- 
ingly lower. 

Oil. — Oil has been struck in several places along the north 
border of the gas field, in northeastern Grant and northern 
Blackford counties, and also in southern Adams county near 
Berne. A large tract along the line where oil is found has 
been leased by oil-companies with a view to determining the 
value of the field. When we bear in mind that the Findlay oil 
field comprises a belt scarcely five miles long and but two 
miles wide, including within this area some unproductive terri- 
tory, and yet contains a large number of profitable oil wells, it 
suggests the possibility that thorough exploration may bring to 
light one or more such fields in Indiana. 

Oil has been struck at Royal Center, in Cass county. At- 
tention has already been called to the higher altitude of the 
Trenton at this point. It is therefore an illustration of accum- 
ulation of hydrocarbons beneath anticlinals. We know of no 
borings in the vicinity of Royal Center which yield oil, but in 
this portion of the state deep borings are not so numerous aa 
in the productive gas-field and its immediate borders. Alti- 
tude favors its occurrence along the line from Royal Center to 
Kentland but the rock texture may be unfavorable to oil or 
gas accumulation. We know, however, of nothing that indi- 
cates a change in the texture of the rock from the porous con- 
dition it displays in the gas field ; on the contrary the outcrops 
of the upper portion of the Trenton in Illinois appear to be 
quite similar in structure to the Indiana gas rock. 

Mock pressure. — Difierent theories have been advanced to 
account for the rock-pressure which the gas manifests. The 
one best substantiated ascribes it to the force exerted by the 
column of water which fills the Trenton from its outcrops in 
adjacent states down the inclined and porous portions of this 
limestone to the gas field. Here its pressure has driven the oil 
and gas into the anticlinals and terraces. This makes the 
gas expulsion a result of the same pressure that causes the 
water just outside the gas belt to rise from the Trenton in the 
form of artesian wells, and it is probable that as the gas be- 
comes exhausted, water will follow it up from below and eveo- 
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taally take its place. The more rapid the escape of the gaa the 
sooner will the supply be exhausted. The fortunate posseasors 
of these wells will do wisely to heed the warning of those who 
have studied the history of gas wells in other localities and 
guard against the wanton waste of their treasure, for there are 
no grounds to support the belief that the supply is inexhausti- 
ble. Indeed, it is probably a question of but a few years till 
Indiana natural gas will be a thing of the past 

ON LINGULASMA, A NEW QENUS, AND EIGHT NEW 
SPECIES OP LINQULA AND TREMATIB. 

[CoDtinued Irom the lut Namber.) 

Bv E. O. Ulbich. 

TREKATI8 FBAOIIJB, n Bp. 

F\g.t,tt,t\>. 

Shell large, nearly circular, the width a little greater than 
the length ; substance exceedingly thin. Dorsal valve moder- 
ately convex, with the greatest convexity in the posterior half. 
' Umbo small but rather prominent and the beak obtusely 
pointed and not projecting beyond the margin (sub-terminal). 
Cardinal slopes distinctly concave. Surface nearly smooth, 
with faint undulations marking stages of growth and very ob- 
scure concentric lines. Very minute punctures arranged in 
concentric and radial series, occur on and appear restricted to 
the concave elopes on each side of the umbo. Lower or ven- 
tral valve with a very small triangular foramen situated at the 
posterior end of a short but deeply impressed area. From 
the anterior end of this area, the surface rises slowly to a 
point about one-fourth of the length of the shell from the pos- 
terior margin, when it begins to descend and is slightly con- 
cave, in the region between the center of the valve and its 
lateral and ft'ont margins. The surface is marked as in the 
upper valve and here the fine punctures occur also for a short 
distance in front of the impressed foramen area. A specimen 
of average size is 24 mm. long, 25 mm. wide, and 4.5 mm. 
deep. 

This species has about the same form as T- ottawaensis 
and T. eraagipunGta,h-at the different surface marking will dis- 
tinguish it readily from both. 7! punciostriata Hall, has 
coarser puncta, these being also present over the whole surface 
of the dorsal valve. The foramen notch of the ventral valve, 
Is also much larger, and the cardinal slopes of the dorsal 
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valve a little convex instead of concave. The apecies is dia- 
tiDgnishable from all others known to me b; the extreme thin- 
ness of its shell. 

Formation and locality: Lowest beds of the Cincinnati 
group, a few miles south of Covington, Ky. Collections of 
Mr. C. Scbuchert and the author. 

TBEM&TI8 0S&BBIP1INOrA,n. ap. 

Fig. 7-7 «. 

Shell nearly circular, 15.6 mm. wide and 16 mm. long. 
Upper or dorsal valve moderately and uniformly convex, 
most elevated in the posterior half; beak very small, pointed, 
not elevated, and scarcely projecting beyond the margin. 
Surface with straight or zigzag radiating lines increasing by 
interpolation or bifurcation ; the interspaces between them 
grow wider toward the front and lateral margins where from 
twelve to sixteen occur in 5 mm. The concave interspaces be- 
tween them are not equal, some being considerably wider than 
the average with only three in 2 mm. The radiating lines are 
connected by cross ridges of which from twelve to fourteen 
occur in 5 mm., measuring from the margin. These lines 
form a rather coarse reticulation with meshes of quadrate, pen- 
tagonal or hexagonal form. In addition there are undula- 
tions of growth and very fine and crowded concentric lines. 
The latter, however, do not appear to have crossed the radiat- 
ing strife, having been noticed at the bottom of the depressed 
spaces. 

Lower valve unknown. 

At first I was disposed to regard this species as being iden- 
tical with the T. ottawaensia of Billings. Since seeing the 
types of that beautiful species and collecting fine examples of 
it not only at the original locality, but also from the middle 
Trenton beds of Kentucky, I have come to the conclusion 
that the Ohio shell belongs to a distinct class. T. ottavtaen- 
sit is a larger shell, slighter, wider and its surface reticulation 
finer. The average number of meshes in 5 mm. is nearly con* 
stantly twenty-five or twenty-six against twelve to sixteen in 
T. crattipuncta. The umbones of the upper valve of the 
latter is also less prominent and its beak more pointed and 
smaller. 

Formation and locality : From shales of the middle beds 
of the Cincinnati group near the tops of the hills at Cincin- 
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nati, Ohio. The Bpecimen figured belongs to the collection of 
Mr. Charles Schuchert. The figure represents the reticulation 
finer than is on the specimen. 

TSBKATIS UKBONAT A, a W- 

Dorsal valve ovate acuminate, rather strongly convex, es- 
pecially in the umbonal region, with the beak incurved and' 
more or less acutely rounded. The length and breadth as 
well aa the acuteness of the beak varies in different individnals. 
The extremes so far noticed are represented in the two speci- 
mens figured. Surfoce with fine and rather obscure concen- 
tric lines, and radiating series of minute punctures along the 
margins and on the umbonal slopes. The punctures are 
closely arranged and, as usual, increase slightly in size out- 
ward. They do not occur on all portions of the surface, being 
absent over a considerable part of the central region. Ven- 
tral valve concave, marked with fine concentric strice and a 
□umber of crowded rows of very minute punctures on each 
side of the foramen notch. Foramen notch small and narrow, 
situated at the bottom of an abruptly impressed U-shaped 
«rea. 

Two specimens have the following dimensions : (1), length, 
16.8 mm. ; width, 12,1 mm ; convexity, 4.0 mm. (2), length 
12.6 mm ; width, 9.7 ram. ; convexity, 3.8 mm. 

The strongly elevated umbonal region of the dorsal valve, 
the concave ventral, and the elongate form, sufBce to dis- 
tinguish this species from T. punetoatriata Hall. In all these 
respects T. umbonata simulates T. huronensU Billings, from 
the Black River limestone of Canada, but the surface orna- 
mentation of that species as figured by Billings (Patelozoic 
Fossils vol. I, p. 52.) is quite different. 

Formation and locality: Middle beds of the Cincinnati 
group on the hills west of Covington, Ky., and at the hill 
quarries of Cincinnati, Ohio. It is not by any means a com- 
mon fossil. The types are from the collection of Mr. C. 
Schuchert. 

TBBXATIS OBLATA, n. BP. 
Fig. 9. »&, and 9b. 

Tremalh punctottriaia Hall and Whitfield, Pal. Ohio, vol. ii, pi. t, 
fig. 8; 1875. 

Compare Trematit punctoilriafa Hall, 23rd Regent's Kept., p. 243> 
pi. 13, figs. 17 and 18; 1873. 
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Shell broadly oval to Bub-pentagonRl, wider than long, with 
the beak of tha dorsal valve, and generally the anterior and 
posterior angles, slightly produced. Dorsal valve, when found 
in a shale matrix, only moderately convex, but specimena oc- 
curring in limestone have suffered less through compression, 
and ace strongly convex, particularly in the region a little pos- 
terior to the middle. Umbo tumid with the cardinal slopes 
abrupt and occasionally slightly concave. Front margin 
nearly straight or gently convex, rounding more or less 
abruptly into the lateral bordeis. Beak acutely rounded, in- 
curved to the plain of the posterior margin. Surface with ob- 
scure concentric lines and radiating series of punctures. The 
latter are usually absent, over the concentric region of the 
valve, are larger than in T. umbonata, increase in size outward, 
and near the front margins of large specimens form a network 
similar to that of T. ottawaenaia and erataipuncta, only the 
meshes are not as large and the radial lines wider than in 
those species. 

Ventral valve, so far as observed perfectly flat, save at the 
small impressed area at the bottom and posterior end of which 
is situated the small foramen notch. Surface with rather ob- 
scure concentric lines and radial series of punctures near the 
outer borders. 

This species has generally been considered identical with 
T. punctostriaia, described by Hall from hydraulic limestone 
of Trenton age (probably equivalent to the " Modiolopsis 
bed " of central Kentucky, at Clifton Terrace. Against this 
view I have only this to say, that if Hall's original figures are 
correct, and no one so far as is known to me claims that they 
are not, then the Cincinnati specimens clearly belong to a dis- 
tinct species. It must be confessed, however, that the surface 
ornamentation seems to be very similar in the two forms and 
that they are in all probability closely related. Still, there 
are enough points in which they disagree to make a separa- 
tion desirable and practicable. There is always a slight differ- 
ence in the outline, and the umbonal region and the beak of 
the dorsal valve are more pronounced. Figs. 9 and 9 b of this 
paper illustrate extremes of variation in outline, while Hall 
and Whitfield's fig. 8. pi. i, vol. ii, Ohio Paleontology, repre- 
sents an average specimen. In comparing the ventral valve a 
more decided difierence is noticed, the foramen notch in the 
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Tennefisee form being much larger and longer than in the Cin- 
cinnati specimene. Under these circumstances I have felt my< 
self justified in giving them a new name. T. jnontrealoTiaia 
BilliogB, from the Trenton limestone of Canada, is apparently 
another nearly related form. Billiiige, however, does not men- 
tion radial series of ptmctares, so they are probably distinct. 

F'ormation and locality: Not uncommon in the shales of 
the lower and middle beds of the Cincinnati group at Cincin- 
nati and other localities in that vicinity. 



TMB AOB OP THE TIt>TON RUN COAL OP BLAIR COUNTY 
PENNSYLVANIA. 

By I. C. Whitb. 

The Tipton Run coal field lies along the eastern base of the 
Alleghany mountain, 12 to 15 miles north-east from Altoona, 
Pa. A country bank for local fuel supply, has been opened 
and operated there, near the head of Tipton run, and 4 miles 
distant from Tipton Station on the Pennsylvania R. R. for 
many years, but a branch line has recently been constructed 
to this field, and the coal is now mined and shipped to market 
OD a commercial scale. 

The elevation of the surface where the coal sets in is about 
1400 feet above tide, or 800 feet below the summit of the Alle- 
ghanies, 1 to 2 miles away. As is well known to geologists 
this mountain range is here crowned by the Barrens, and 
lower Coal Measures, while lower down and forming the east- 
ern escarpment, come successively the Pottsville conglomerate, 
Mauch Chunk red shale, Pocono sandstone, with the Catskill 
beds forming the base, and all arching into the air over the 
great Canoe valley and Morrison's Cove anticlinals. Lying 
thus topographically several hundred feet below the base of 
the lowest Coal Measures, and coming at the horizon of the 
Pocono, or No, X escarpment, this coal naa long ago referred 
to the ^e of these Lower Carboniferous aandatonea by the 
geologists of the First Geological Survey of Pennsylvania, and 
so far as the writer is aware this opinion has been confirmed 
by all professional geologists who have subsequently examined 
the field in question, the last being Mr- Chaa. A. Ashburner, 
who made a special examination of the region after it had 
been opened for railway shipments. This report, which was 
more elaborate than any others, was published in 1886, and 
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like Hb predeceBBors, considerB the Focono age of the coal as 
indisputable. 

DesirouB of examimng personally the locality where a bed of 
coal ia the Focono series was furniehing 30,000 tons of excel- 
lent fuel annually, the writer found occasion during the past 
year to visit the famous Tipton region. To his surprise he 
recognized the enclosing shales and Bandstone as genuine Coal 
Measure sedimente, while peeping out from a short interval 
beneath the coal bed was as good Pottsville conglomerate as 
that high above, along the eastern front of the Alleghanies, 
and within sight of the coal mine. Search for fossils was at 
once begun, and soon rewarded by the discovery of plant 
remains which confirmed the evidence from the character of 
the sediments. Hence there could be but one conclusion, a 
fault, or disturbance of nome kind lisd dropped these beds 
down 80 aa to bring Coal Measure rocks abutting against the 
Focono, or Lower Carboniferous series. The succession of the 
rocks in the immediate vicinity of one of the coal openings is 
approximately us follows : 



50' 

3. Shales, plant-bearing 5' 

(Coal 2' 9" 1 

4. -i Fire-clay, dark 2" \ 3' 9" 

(Coal 10" ) 

5. Concealed 30'-50' 

6. Pottsville conglomerate visible 10' 

The coal bed is probably identical with the Lower Kittan- 

ning, since the character of the fuel it furnishea, as well as the 
structure of the bed is much like the latter as seen on the top 
of the Alleghanies, a few miles distant. The two openings 
where the coal is now mined for shipment are on the same 
bed, No. 4 of the section, since the structure found in each is 
identical and the coal is of practically the same quality. The 
following fossil plants were found in the shale No. 3, which 
overlies the coal, the identifications in cases where the writer 
was in doubt having been made by Prof. Lesquereux. 

Cordaites fn'acilis Lx. Nearoptem loschii Bt. 

Stiproaria ^coides Bt. Alethopterie ambigaa Lz. , 

Lepidopliyllum lanceolatum Bt. CalamiteH, allied to snckowii Bt. 

Neuropterifl tenuifolia Bt. Pecopteris, sp. 7 fragment. 

Alethopteris, allied to penneylvaaica Lx. 

The plants are not abundant, and a much larger collection 

could doubtless be made by the expenditure of two or three 

weeks' time, but the list when considered with reference to the 
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character of the coal aad the lithology of the enclosing rocke, 
is sufficient to demoastrate the Coal MeaBore age of the same. 
This list of plants was submitted to Prof. Wm. M. Footaiae, 
the eminent palseo -botanist, who is so well acquainted with 
the Pocono or Lower Carboniferous flora of Virginia and W. 
Virginia, and his opinion is the same as my own, viz., that the 
plants could come only in the Coal Measures. It is true that 
Neuropteris tenuifolia and Sigillaria mamillaria have 
been reported from the Pocono, since they are long-lived forms 
which pass from the base of the Carboniferous system almost 
to its top, and on this account Prof. Lesley would call the 
whole list Pocono plants, but we must recollect that neither 
PecoptertB nor Alethopterit have yet been found in the 
Pocono rocks of the Appalachian region. Then too, it is not 
alone the^eaence of typical Coal Measure forms which gives 
this list geological significance, but the ahsenoe of the types 
which everywhere else characterize the Pocono flora, as the 
archieopterids triphyllopterida, and small Lepidodendra ; see 
"Permian Flora," Fontaine and White, pages 6, 7 and 8. The 
evidence firom the character of the interstratifled rocks is 
alone conclusive of the Coal Measure age. Any geologist 
thoroughly acquainted with the physical land litbological 
character of the sandstones and conglomerates of the Coal 
Measures, and also with those of the Pocono need not be told 
they differ from each other so greatly that it is not a difficult 
task to distinguish the one from the other. This difference 
consists in many things, the shape of the pebbles in the con- 
glomerates (as shown by Mr. Carll), the character of the sand- 
Btones aa to hardness, color, purity, Ac, facts which are very 
real to the geologist who has noted them and learned them, 
but not readily embodied in description. The evidence of this 
nature is bo strongly in favor of the Coal Measure age of the 
Tipton beds, that it would have been conclusive to me had no 
plants been found. 

The coal furnished by this bed is quite as pure as the average 
of the Clearfield region which it adjoins, and thia fact of itself 
should have some weight, in view of the well known reputation 
of the Pocono coale of Virginia, W. Virginia, &c., they all 
being very high in both ash and sulphur. 

After this paper was about completed the writer learned 
from Prof, Lesley tliat Mr. J. W. Scott, a former mining engi- 
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neer, but now editor of the Altoona D&ily Times, had several 
years ago claimed the existence of a "fault" in the Tipton 
Run region, and the consequent identity of the coal found 
there with the lower coals of Clearfield and Cambria Cos. 
This opinion was elaborated ten years ago in the Tyrone 
Herald (with which Mr. Scott waa then connected), and con- 
sequently to him belongs the credit of having first determined 
the true age of the Tipton coal, though, as already stated, the 
writer was not aware of Mr. Scott's work until after he had 
arrived at the same conclusion- 
Mr. Scott claims to have traced the line of "fault" 
through from the Clearfield region to Tipton run, but the 
writer has no personal knowledge as to the particular form of 
disturbance that has dropped the lower Coal Measures down 
out of their regular place in the Tipton region. Whether it be 
a genuine "fault," or a deep local syncline, separated from the 
coal area west and north of it by erosion, or any other form of 
displacement, has not been determined for lack of time and a 
good map of the region. 

METEORITES AND WHAT THEY TEACH US. 

I 

BV H. IfBHSOLtlT, Ph. D. 
AulMaut in Natural Blilory, Bchool of HUies, Columbia CollCBe, New York. 

The nebular hypothesis of the great Laplace, which very in- 
geniously accounts for the origin of what we call heavenly 
bodies by assuming that the materials now composing them, 
say the elements, were at one time distributed in a gaseous 
state through space, throughout vast and theoretically, infi- 
nite space, that our present worlds are the outcome of an elab- 
orate condensation process which these originally rarefied ma- 
terials underwent, the accounting for planets or satellites trav- 
elling around a central body by assuming that they owe their 
origin to a ring or a succession of rings thrown off by this cen- 
tral body, ft'om its equatorial region, in consequence of the 
centrifugal force getting the better of the centripetal — this 
wonderful nebular hypothesis has been recently and is even 
now in danger of being superseded by another, not quite so 
■'sublime" if I may use this word, though grand enough*in 
some of its aspects, but one which, if it appeals less to our im- 
agination is more capable of verification by direct observation 
and which apparently carries a far greater degree of probability. 
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This new hypothesis may be termed the dust^hypothesis. It 
aSBunies that the universe, or a great part of it, is full of mi- 
nute, dust-like particles of heterogeneous character, floating 
about in the ether or travelling in definite courses, that if one 
of these particles happens to come in contact with another, or 
very near it there is mutual attraction and adhesion, that the 
joined particles will travel onward with their attracting force 
thus increased, drawing other particles to them, one here, and 
one there, and form the nucleus of a hody which keeps grow- 
ing as it travels into new regions of space, exhausting them of 
the materials within its reach. The more it grows, the more 
its sphere of attraction increases the more rapid the accumu- 
lation, which is unlimited, till we have a mass a foot in diame- 
ter, a planet like our earth, a vast body like the sun or some 
still grander one, like that distant giant which compels our 
sun to travel in its unknown course. 

This new hypothesis, which deserves our closest attention, as 
it throws a new light on the origin and character of our own 
planet, and which is calculated to revolutionize our present 
conceptions of geological research, is the outcome of the study 
of meteorites, — those remarkable bodies of extra-terrestrial 
origin, which are now so eagerly collected and so highly val- 
ued although less than a hundred years ago they were barely 
noticed or at best regarded merely as curiosities by the learned 
or as objects of evil portent by the superstitious. 

It may seem incredible to those who hear it for the first 
time that a globe like the earth, with its diameter of eight 
thousand miles, should be a mere accumulation of particles, 
gathered around a nucleus of cosmic dust, as it travelled on 
its way through cold and pathless oceans of space. But we 
have the fact of our earth constantly attracting to its surface 
substances from the inter-planetary regions, from the most 
impalpable dust to meteoric masses weighing tons, a process 
which has been going on year by year through the geological 
ages of a duration probably incomprehensible by us. The 
earth is increasing in weight thousands of tons annually 
through the fall of meteorites alone, but this is as nothing 
compared with the aggregate weight of the dust-like particles 
attracted to its surface during a like period. Prof. Norden- 
skjold, on his various expeditions to Greenland, as well as on 
his famous Vega expedition, frequently observed the snow or 
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ice covered with metalliferous dust and other particles which 
were doubtless of coBmic origin, as they were found in regions 
far from the habitations of man aod were unlike anything 
that could liave been tranaported there by atmospheric or other 
agencies from a terrestrial source ; and no matter where he ex- 
amined snow, whether in Greenland, Spitzbergen, or the fro- 
zen coast of Siberia or in hie own native Sweden, he never col- 
lected less than a millegramrae in weight of meteoric particles 
from a square yard of surface. In one region, for instance, 
on his Vega expedition he found the snow covered for miles 
in extent with minute and very perfect crystals of yellowish 
color, like crystafized sand-grains. They were about 1 mm. 
in diameter and seemed to belong to the rhombic system, as 
they had one perfect cleavage and formed striated prisms, 
terminated at either end by a truncated pyramid. 

Now one millegramme to every square yard of the earth's 
surface, which is probablyfarbelow the tinniwi fall of meteoric 
dust-particles, aitiounts for the whole globe to no lees than five 
hundred million kilograms — about half a million tone — too 
important a factor to be neglected when the fundamental facts 
of the geological history of our planet are enumerated. That 
small quantities of cosmic dust, containing iron, nickel, cobalt, 
carbonaceous substances and phosphorus, constantly fall, with 
other atmospheric precipitates, on the earth's surface is a 
well established fact and there is even ground for believing that 
this deposit may play an important part in the economy of 
nature in supplying phosphorus to soils already exhausted 
by the growth of crops. Farmers have long been taught by ex- 
perience that an exhausted field, if left untilled for a number 
of years, will regain its fertility in proportion to the length of 
time during which it remained fallow. 

The earth, travelling in its orbit around the sun, and onwards 
with the entire solar system around some unknown and still 
greater center of attraction, is constantly traversing new regions 
of space, which it depletes of meteoric dust and meteorites, 
thus steadily — no matter how slowly — increasing in diameter. 
Now let this growth continue till the earth has just twice the 
attractive power which it now possesses ; we should then have 
twice the number of meteorites and double the quantity of dust 
falling annually upon it than now. Fortunately for our beada 
the earth has not as yet attained very fonuidablo dimensions, 
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but wi may look upon it as &a eBtablished fact that it con- 
stantly gains in weight and that in proportion to such gain its 
attractive power steadily increases. The attracting force of 
the sun is so enormous that a perpetual hail of meteorites and 
a torrent of dust-particles must rush upon it from all direc- 
tions, and some of the foremost observers are now of opinion 
that these falling bodies are the sole cause of the sun's heat. 
In the tight of this theory our earth is a young and growing, 
not an old and dying planet, a planet with a future, which 
ought to be cheerful news to all of us although we shall not 
live to reap the benefit of it, and the sun, far from being on its 
last legs as an expiring luminary is steadily gaining in heat 
and lighting capacity. 

Now in how far do the facts revealed as yet by the study of 
meteorites support this hypothesis and what do meteorites 
teach as in reference to the character of our own planet? That 
an accumulation of cosmical particles, no matter how small, 
is in itself sufficient to account for the origin of planetary 
masses or Used stars, no matter how large, nobody can deny 
after a moment's reflection ; it is merely a matter of time for 
any given body to attain any given size, and if the accumula- 
tion is at first extremely slow it must not be forgotten that it 
increases enormously with the growth of the muss. 

But since the internal structure of meteorites, and especially 
that of the so-called stone- meteorites, has been more carefully 
studied, additional evidence has been furnished whichalmost 
amounts to proof that at least many of the meteorites now in 
our museums and private collections have originated from the 
accumulation of small particles in the manner above described. 
Gustav Rose of Berlin, one of the most careful observers, and 
whose classification of meteorites is now adopted even by the 
great Tschermak, the meteorite-investigator par excellence, 
Qustav Rose was the first to draw attention to the fact that 
the majority of the stone-meteorites as yet discovered, are 
composed of little spheres or "chondri," globular masses, vary- 
ing in diameter from the merest dust to that of a walnut. He 
proposed the name of chondrites for such masses, but they 
form a class so great in proportion to the rest of the recorded 
stone-meteorites that Tschermak found it necessary to sub- 
divide them into more than half a dozen varieties or species. 
This cbondritic structure is different from anything we find in 
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terrestrial rocks, except, perhaps, in the oolitic limestones, hut 
here due to totally different causes. 

These meteorites are composed of little spheres or globes, 
either perfectly round or slightly oval, sometiraes flattened or 
pressed, aa it were, out of shape, and either cemented together 
by an interstitial paste or matrix, or adhering only loosely with 
little or no interstitial matter to bind them. These chondri 
consist of minerals which are also of common occurrence in 
terrestrial rocks, although never in this pecuhar form. They 
are either composed of olivine, bronzite, augite, trielinic 
feldspar or metallic iron, or of two, seldom three, of these 
combined, never of anything else, except occasionally of glassy 
matter. The most significant fact is that nearly every chon- - 
drum is surrounded by a distinct crust as if it had once been 
an independent cosmieal body — a miniature meteorite — and 
perhaps equally remarkable is the resemblance, not merely in 
structure, but in composition, between these chondritic mete- 
orites, and wemustbearinmindthatofeveryten stone-meteor- 
ites eight at least are chondritic. This resemblance is perfectly 
astonishing and all the more so as we have nothing like it 
among terrestrial rocks. Every experienced petrographer 
knows that terrestrial rocks of the same character and 
composition will present, under the microscope the most 
striking structural differences if they are merely gathered from 
different localities (often leas than half a mile distant from 
each other). No two granites, basalts, dolerites, serpentines 
are alike. There are differences even in the same granite from 
the same locality and if we prepare twenty sections from one 
piece not larger than a walnut, the probabilities are that each 
will show something that can not be observed in any of the 
others- 

But the chondritic ^meteorites, no matter when or where 
they fell, whether in Japan or the desert of Sahara, in Great 
Britain or Bolivia, practically agree in structure and composi- 
tion and the resemblance is often so great that even a Daubr^ 
or Tschermak could not, in many instances, tell the section of 
one from that of another except by its label. Thus, for in- 
stance, the meteorites of Dhurmsala and Fayette county are 
absolutely identical in mineralogical composition as well as 
structure, the similarity extending even to the smallest micro- 
Bcopical details. The former fell 29 years ago in the Punjaub, 
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India, while the latter — the largest and perhaps the fineet etone- 
meteorite as yet discovered on the continent of America — was 
found by the writer near Lagrange, Texas, in January, 1888. 
Now these localities are more than 6,000 miles distant from 
each other and there is also a great difTerence in the dates of 
fall (the Fayett^ county meteorite, from the appearance of its 
crust, must have fallen more than fifty years ago) yet the 
microscope reveals absolutely no diiference in the sections 
Always the same chondri or their fragments, always the same 
five minerals : olivine, bronzite, augite, plagioclase and iron 
as the principal constituents. This would tend to show that 
there exists a surprising uniformity among the cosmical 
particles from which meteorites originate. 

Fortunately the labors of Tschermak and Daubr^e have 
made it possible for ua to distinguish without much trouble, 
an olivine chondmm from one of augite, bronzite or triclinic 
feldspar, but as we can not here go into elaborate details we 
merely point out in a general way that chondri which are 
traversed by parallel bars, or a sort of grating, may be put 
down as olivine, those with a granular structure as augite, 
those exhibiting a fine parallel atriation between crossed- 
Nicols as triclinic feldspar and those which show a peculiar 
fibrous, radiating or fan-like structure, as bronzite. The 
feldspar is almost ioTariably anorthite, the most basic of all 
feldspars — a significant fact as we shall see later on, but we 
occasionally meet with a peculiar »ingly-refractive variety of 
plagioclase, which has been called maskelynite, but which in 
the opinion of the writer is nothing but anorthite rendered 
singly -refractive by partial fusion. The astonishing similarity 
between chondritic meteorites enables us to limit our descrip- 
tion to a' few prominent types. The meteorite of Renazzo, 
which fell in Italy in 1824, consists of chondri, cemented 
together by a dark paste of carbonaceous matter, in which an 
immense number of particles of pure iron are distributed. 
These of course can not be distinguished under the microscope 
from the black matrix, as both are perfectly opaque. But an 
ordinary haod-Iens reveals the remarkable fact that each 
chondrum is surrounded by a cruet of metallic iron. Some- 
times this crust is very thick, so that it often seems as if a 
chondrum of iron had a nucleus of olivine. The Tieschitz 
meteorite which fell in Iloravia in 1878, is composed, in part, 
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of very perfect chondri, but the Bection also reveals a number 
of angular fragments. Bronzite cbondri, recognizable by their 
peculiar fan-like or fibroui Btructurea, are beautifully devel- 
oped. Many will remember that about ten years ago Dr. 0. 
Hahn, of Reutlingen, a lawyer by professionj ruehed into priut 
and insisted upon making himself ridiculous. by the publica- 
tion of a bulky work with 32 photographic plates on organic 
remains in meteorites, which he pretended to have discovered. 
This worthy man, who had little petrographical knowledge, 
was entirely misled by the fibrous structure of these bronzite 
chondri, which is often very curious, reminding one of fossil 
corals, and he took great pains in describing no less than 
twenty-eight species of corals alone, besides many sponges, 
crinoids and what not in the organic line, which he had dis- 
covered in meteoric sections, but which nobody else could see 
in them. He was guided by accidental resemblances ; the 
things he observed were such as one might see in the clouds 
and anyone gifted with a little imagination will, if he looks 
long enough, discover corals, foraminifera, fossil fishes and 
even dromedaries in almost every section prepared from a 
chondritic meteorite. 

The Monroe meteorite, which fell in Gabarras county, 
North Carolina, in 1S49, does not at first sight appear very 
chondritic, but if we carefully examine a thin section we find 
it to be almost entirely composed of chondri closely packed or 
welded together and somewhat pressed out of shape. Still 
more difficult Is it to recognize the chondri in the meteorite 
of Aumale, Algeria, yet it is a cfaondrite and we can still dis- 
tinguish the parallel bars of the oUvine, the coarse granula- 
tion of the augite, the striation of the feldspar and the radi- 
ating fibres of the bronzite. 

Chondritic structure, as already shown is peculiar to meteor- 
ites. We have nothing analogous in terrestrial rocks except 
in the oolitic limestones, but here due to entirely different 
causes. In the Portland oolite l^om England for instance, 
we have spherical deposits of carbonate of hme which have 
formed in concentric crusts around nuclei. These nuclei 
consist of sand-grains, and sand-grains also form the inter- 
stitial substance between the little globes. Such a section 
presents a strikingly beautiful appearance in polarized light, 
as the lively chromatic display of the quartz nuclei oontrastB 
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with the layers of carbonate of lime, which are ifidifieient to 
polarization. We also find occasionally in terrestrial rocks, 
and especially in eruptive ones, a tendency on the part of cer- 
tain crystals to gather around some nucleus and form spheri- 
cal aggregations, viz : during the proceBS of solidifiGation or 
cooling of a molten mass crystals will sometimes arrange 
themselves very symmetrically around some nucleus as in 
certain augite lavas of Tahiti. Again in sections of Cornish 
granites, especially of the famous luxulyanite, which is 
found in bowlders in the vale of Luxulyan, Cornwall, we 
have needle-shaped crystals of tourmaline radiating star-hke 
hora a common center — a marvelous object for the polariscope ; 
but all these phenomena are esBentially different from those 
presented by the chondri of meteorites. 

But if from sucbdata as these, viz., from the fact that the great 
majority of the known stone meteorites are cbondritic, meteor- 
ite-investigators who are petrographers, and astronomers who 
are 7U>t petrographers, jump to the conclusion ih&Xall meteor- 
ites have resulted &om the accumulation of cosmic partislee, 
they are in our humble opinion, greatly mistaken. That the 
true chondrites have originated in this manner is extremely 
probable and if our individual opinion is worth anything the 
writer may add that he is perfectly convinced of it. But then we 
have quite a number of stone-meteorites which are not only 
not cbondritic, but which are eo constituted as to preclude the 
possibility of their ever having been cbondritic, and which for 
a number of other reasons cannot have resulted from an ac- 
cumulation of cosmical particles. Some of these meteorites 
have a brecciated structure, almost identical with that of soma 
of oar volcanic aah-rocks and tuffs. They consist of little an- 
gular fragments, mixed with larger ones, broken crystals of 
various silicates and other detritus, exactly as we find it in 
volcanic ash-rocks. Of this class the meteorite of Petersburg 
which fell in Lincoln county, Tenn., in 1655 is an example. 
In a section prepared &om this meteorite we see nothing but 
sharp fragments and grains of pyroxene, plagioclase and a va- 
riety of other minerals difficult to determine ; anumber of rusty 
spots are due to limonite, which has resulted from the decom- 
position of some of the iron particles. Very similar, only a 
little coarser in structure, le the Frankfort meteorite, which 
■ fell in Franklin county, Alabama, in 1868. A glance at the 
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sections of these meteorites BufliceB to convince bb that they 
represent a totally different type, that they have nothing in 
common with the chondrites before described, and it so hap- 
pens that they agree in almost every particular with certain 
of our ash-rocks and tuffs. In the writer's opinion they can- 
not have originated in any manner differing fundamentally 
from that, which led to the formation of our compressed ter. 
reetrial ash-rocks. In sections prepared from certain volcanic 
ash-beds in Central America, Arizona and California we have 
essentially the same structure and very nearly the same min- 
eralogioal composition, the same angular fragments, the same 
detritus, the same color even ; and we might go on multiplying 
such examples of almost absolute coincidence. 

Another meteorite which will not fit in the accumulation- 
hypothesis and which greatly bothers the dust-people, ie the 
famous meteorite of Rittersgriin, one of the most remarkable 
and beautiful meteorite8,which fell in Saxony in the year 1164. 
It is composed of metallic iron and crystals of a beautifol 
yellowish green color, which at first were believed to be oli- 
vine but which are now known to be bronzite. Then we have 
meteorites of a basaltic structure, like that of Juvinaa, which 
fell in France in 1821. It is chiefly composed of rods of tri- 
clinic feldspar (anorthite) and augite. Such crystals could 
only have originated during the very slow cooling of a molten 
mass under extreme pressure. Now the structure of the fam- 
ous Ovifak basalt is so similar to that of the Juvinas meteor- 
ite that it is almost impossible to distinguish, under the mi- 
croscope, the sections of the former from that of the latter. 
The Ovifak rock is composed of the same minerals, Id the 
same proportion and in precisely the same development, viz., 
rods of anorthite, granules of augite and native iron. Native 
iron ! Where did that come from? What business has metal- 
lic iron in a terrestrial rock? Well, the basalt of Ovifak i» 
the most remarkable terrestrial rock with which we are ac- 
quainted. Its discovery has been a great shock to the army 
of meteorite-collectors all over the world, a shock from which 
they have not even yet quite recovered, for now the presence of 
metallic iron can no longer be relied on as a test-feature of a 
meteorite. 

Previous to Nordenskj old's great discovery, non-artificial 
metallic iron had never been known to occur on this terres- 
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trial globe, whether aa a constituent of rocks or io the shape 
of veiue, lodes, crystals or loose masses. It was inTariafoly 
foand ozydized or combined with carbon, silica, sulphur and 
other substances from which it had to be first separated by 
more or less complicated processes. But metallic iron was 
met with in the meteorites which have from time to time fall- 
en upon the surface of our planet. These mysterious visitors 
from other spheres not only often eontain iron but they are in 
the majority of cases almost entirely composed of it and it is 
more than probable that the first iron with which man became 
acquainted and which he used for tools and implements, was 
the iron of meteorites. 

When Cortez had completed the conquest of Mexico, the 
Spaniards, among a great many other pecuHar and extraor- 
dinary observations which they made in that remarkable 
country were particularly struck and poziledbyone fact. They 
noticed that the Aztecs possessed certain implements, snch as 
knives, daggers, etc., made of iron, but it seemed that only the 
most distinguished of the natives possessed such, that iron 
was a great rarity and was prized higher than gold. At first the 
Spaniards beheved that the Aztecs extracted the metal in some 
crude fashion irom its ore, which abounded in many parts of 
the country, but they soon ascertained that this was not the 
case. They found that not a single smelting furnace existed 
in the empire and their surprise was not small when they 
learned that the Aztecs were totally unei;quainted with any 
method of extracting the iron from the ore, which indeed 
they had never suspected of any kinship with the highly val- 
ued metal. The question whence the Aatecs had procured the 
little iron they possessed became a perplexing problem to the 
Spaniards, a problem which they were never able to solve. The 
natives do not seem to have enlightened them much on the 
subject, for when asked, they mysteriously pointed to the sky 
and indicated that they obtained their iron from the regions 
above. Such assertions no doubt the Spaniards received with 
an incredulous smile and they concluded that the Aztecs pro- 
cured it by way of traffic from some other, perhaps more civilized 
nation, which they suspected to exist and kept looking for, 
North and South for more than a hundred years. It was left 
to modern science to unravel the mystery. The Aztecs were 
quite correct, the iron of which they had made their imple- 



,y Google 



88 Inierior Condition ofths Bdrth. — Ze Conte. 

mente was not fashioned from materials of this terrestrial 
globe but had come to them &om the unknown regions of 
space. Their iron was, in fact of meteoric origin, like that of 
the Mayas of Yucatan and the Incas of Peru of which many 
weapons are still preserved in collections. 
(Continued.) 



THE QBNERAL INTERIOR CONDITION OF THE BARTHJ 

Br JOSBPK Lc COKTI. 

It is well known that the interior temperature of the earth 
increases at the average rate of 1° for every 60-60 feet of depth. 
For convenience we will take it at 1*^ for every 52.8 feet, or 
100° per mile. At this rate at the depth of 25 miles we should 
reach a temperature at which alt ordinary rocks would melt. 
The older geologists therefore assumed that the earth is an 
incandescent liquid globe beneath a comparatively thin solid 
crast. 

But physicists now tell us that this is impossible. Thom- 
son and Darwin' have conclusively shown that in all its 
cosmic relations, and especially under the tide-generating in- 
fluences of the sun and moon, the earth behaves not like a sub* 
stantially liquid, but like a substantially solid and very rigid 
body : that in fact it Is, as a whole, more rigid than a globe of 
glass and even as rigid as a solid globe of steel of the same 
siae. 

An outline of the physical argument may be briefly put as 
foUowB : Suppose, Ist, the earth to be a liquid globe of mercury 
revolving as now under the moon. Evidently a tide affecting 
the whole mass (earth tide), would follow the moon. Suppose, 
2nd, such an earth covered two miles deep with a universal 
ocean. In this case there would be a tide afiecting the whole 
compound mass ; but the water-tide, upon the mercury-tide, 
being but j^ of the whole would be imperceptible. Sup- 
pose, 3rd, a liquid globe covered by a solid shell 25 miles 



of Science, May 7th, 18f „ _ , , . , _ _. .._ _._ 

mirable paperon the aameBubjectaiidreaching Bimilor conclnaionB by 
Prof. Clarpole having in the meantime appeared in the June ana 
Jnly nnmbers of tbia magazine, I gave up the idea of publishing at all. 
But I find the mode of presentation so difierent that on second Uiought 
I BtUl believe the paper ma; be useful at least to teachers of geologv. 
•Nature, vol. 27. p. 22, 1882; vol. 14, p. 426, 1876. Thomson and 
Toit, Natural Philoeophy. 
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thick and the whole covered with w&ter as before. Such a 
globe would behave exactly or almost exactly like a perfectly 
liquid globe. There would etill be an earth-tide but no per- 
ceptible water-tide, i. e. no perceptible de^ening of the water 
tinder the moon. The water-tide would be completely or 
nearly completely destroyed by the earth-tide. Suppose 4th, 
and finally, a perfectly solid and rigid earth covered with 
ocean. The tide, now, woald be wholly a water-tide upon the 
unyielding earth, and would therefore be very perceptible. 
This is substantially the condition of things now on our globe. 
Now, physicists assert that if the earth were a liquid covered 
with a solid shell 60 miles or 100 miles, or even 500 miles 
thick, it would yield sufficiently to practically nullify the 
water-tide. I think therefore we must admit that the physicists 
are right and'that the earth as a whole is rigid and therefore 
that it is a substantially solid globe. 

But, on the other hand, there are many geological phe- 
Qomena which seem to demand an unlimited supply of liqnid 
matter beneath a comparatively thin crust. Passing over vol- 
canoes which may be connected only with local reservoirs of 
liquid matter, the most important of these are the following : 
(1.) Great lavaAoods — such as that of the northwest, cover- 
ing at least 150,000 square miles 2000-3000 feet deep, and that of 
the Deccan plateau covering 200,000 square miles 6,000 feet deep. 
(2.) The f&nnation of mountain ranges by lateral pressure. 
The concentration of the effects of lateral pressure along certain 
lines seems to require some slippage of the crust, on the deep- 
er parte ; but this would be impossible if the world were solid 
throughout. (3.) The oscillating movements of the crust 
over wide areas and especially subsidence under the weight of 
accumulating sediments and rising under the removal of 
weight by erosion. 

The house of Science seems then to be divided against itself. 
How shall it stand? Under the pressure of this dilemma 
geologists have been more and more driven to accept a com- 
promise view ; or rather a view which combines and reconciles 
these two opposite and mutually excluding extremes, and 
therefore is more rational than either. According to this new 
view the general constitution of the earth is that of a solid 
nucleus composing its great mass, a soHd crust of inconsider 
able thickness, and a liquid or semi-liquid layer between. This 
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last we will call the "sub-erust liquid layei:" Thie view 
would give subBtaatial solidity and rigidity to the earth taken 
aa a whole and would therefore satisfy the physicists, and at 
the same time would account for all the phenomena spoken of 
above and therefore satisfy the geologists. The object of this 
note is to show in a simple way, which I have long used in my 
class lectures, that such a constitution is in full accord with 
known physical laws. 

If in fig. \,8 8 be the sur- 
face of the earth and aha.. 
portion of the radius ; and if ~ 
taking these as coordinate 
axes, we measure depths 
on a h and corresponding 
temperatures on « s; then 
s!luniform rate of increase 
would be correctly repre-«i 
sented by the straight line 
c d and at the depth of twen- 
ty-five miles, a;, the heat-or- 
dinate of 2,500° would be 
reached. And if this temper- 
ature be taken as the fusing , 
point of rocks it would seem, -■ 
and has been concluded, that all below ig liquid. 

But there are many general reasons for thinking that the 
interior temperature doesTwt increase uniformly for all depths, 
but at a continually decreasing rate ' and therefore that the 
line correctly representing the increase, is not a straight, but a 
curved line like c e. The assumed fusing temperature of 
2,500° would therefore not be reached at 25 miles but much 
lower down, say at x' perhaps 40 miles. Here then at last we 
would have fusion if the fusing point at that depth were 2,500°. 
But not BO ; for the fusing point of all bodies, except a few like 
ice which contract in the act of fusion, is raised by pressure 
and in proportion to pressure. In the figure the line f [/ rep- 
resents this increase of fusing point with depth. Hopkins' 
has made many experiments on the more fusible solids — such 
as sulphur, wax, stearine, &c., to determine the rate of eieva- 
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tion of fusing point with preeaure and found a mean rate of 
1« for 30 atmoflpheres. It is poflflible that the rate of elevation 
for rocks may be less than this : bat in any case there must 
be a notable elevation of ftising point by the enormoua prea- 
sure of 80-40 miles of rock. Therefore we muet go still deeper 
to find fused matter. In the meantime the pressure would 
still increase and the fusing point be still more elevated. 
Whether, in this chase of the increaaing temperature after the 
flying fuaing point, the former would overtake the latter at 
all ■ and if so, where, are questions we cannot answer posi- 
tively. It would depend on the relation of the rate of increaa- 
ing temperature with depth to the rate of elevation of fusing 
point with pressure, i e, the relation of the line c e to the Une 

There are three poasible 
caaea in thia regard. 1. The 
line of fusing point may 
take the direction fff(&S 2.) 
putting the line of actual 
temperature at y and ever 
after lying within. In thia 
case the earth would be uni- 
versally liquid below y. This 
would not aatiafy the physi- 
cists. 2. It may take the 
direction Z"^' and lie wholly 
outside of the line of actual 
temperature. In this case "s-^- « (="<.. o( «.wj tempecature/ff 
the earth would be aolidpan^gub-cTunnqDid. 
throughout. Thia would not satisfy the geologists. 3. The 
line of fusing point may take the direction /"^"touching or 
cutting and again leaving the line of actual temperature. In 
this case at the depth of tangency there would be a layer of 
fused or aemifused matter aeparating a solid nucleus from 
the solid crust. For reasons already given this seems to be 
the most probable case, for thia would explain all the phe- 
nomena and satisfy both the physicist and the geologist. 

Now there are some reasons for thinking that this aub-crust 
layer would not be so deep as would seem from the foregoing 
reasoning and figures. We have thus far eupposed the line of 
fusing point a straight line. Thia would probably be the case if 
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the density of the earth and therefore the increaae of pressure 
were uniform. Bat the earth undouhtedly increases in density 
with depth. Therefore the pressure and therefore also the 
eleTation of fusing point increases at an increasing rate. 
Therefore the line of fusion is a line concave otitviardt 
(fig. 3, fff). 

The probability of touch- 
ing and even cutting and 
again leaving is thus great- 
by increased, and the possi- 
bility of cutting higher up 
and still escaping is also in- 
creased. Thus the probabil- 
ity of the existence of a sub- 
crust layer would be in- 
creased, its position would 
be nearer the surface and its 
thickneea would 'be less on 
this view than on the supposi- 
flition of the line of fusion 
being a straight line. 

But there is still another principle not yet taken into ac- 
count. We have thus far t^en ^e fusing point at 2,500°. 
This is about the fusing point of rooks under dry heat. But 
in the presence of water and in proportion to its percentage 
fusion of rocks will take place at a much lower temperature. 
If the percentage of water be sufficient it may take place at 
800°-l,000° F. To distioguish it from true dry igneous fusion 
this has been called aqueo-igneous or hydrothermal fusion. 
Now, water is found at all depths to which we have penetrated 
the earth. Alt lavas also contain water combined with the 
fused magma in greater or less quantity. If by this consider- 
ation we reduce the temperature of fusion we should thereby 
render the existence of a sub^rust liquid still more certain 
and bring its position still nearer the surface. 

It seems almost certain therefore that the interior constitu- 
tion of the earth ia that of a substantially solid globe ; but 
with a sub-cruat liquid layer separating a solid nucleus from a 
solid shell ; and that the layer is not very many miles below 
the surface nor is it of any great thickness. 

The manner in which the sub-crust layer was formed was 
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probably in outline as follows : In the originally incandea- 
cent liquid condition of the earth, as long as the liquidity was 
perfect, convective currents would tend to keep the whole 
masB at nearly equal temperature throughout. The coohng 
mass therefore commenced to solidify at the centre, because 
the pressure was greatest there. The nucleus thus formed, 
continued to grow in size until it nearly reached the surface. 
But when the surface liquid by cooling had become viscous, 
so that convective currents were impeded a superficial sohd 
croflt would be formed by radistioQ. The sub-crust liquid 
thus formed was now encroached upon on one side by the 
solid crust and on the other by the solid nucleus until at pres- 
ent it is comparatively thin or perhaps aboliebed entirely in 
many places and the crust united with the nucleus. This is 
probably the condition of things now; for there are some geo- 
logical facts, especially the existence of those greatest features 
of the earth surface, constituting continental masses and 
oceanic bottoms, which seem inconsistent with the existence of 
a ■universal sub-crust liquid obeying the laws of hydrostatic 
level. 

The original liquid magma, undoubtedly increased in densi- 
ty to the center ; and that, not only by increasing pressure but 
by difference of materials and especially by superficial oxida- 
tion. Therefore the solid crust may be regarded as Aoatir^ on 
the sub-crust liquid even thongh (as is almost certain) rocks 
become denser by solidification. The instability of such a 
floating crust under the weighting by sedimentation and light- 
ening by erosion is safSciently obvious. But these effects 
may be increased in the manner suggested by Lloyd Morgan.' 
Sedimentation increases the weight and therefore produces 
subsidence of the floating crust ; but increased weight means 
increased pressure, and increased pressure produces solidifica- 
tion of the upper parts of the sub-crust liquid, and solidifioa- 
tion means increased density and therefore contraction, and 
this again produces further settling down of the crust. Con- 
trarily, erosion by lightening the floating crust produces 
elevation, but lightening the pressure produces fusion of 
the lower portion of the crust, and fusion produces expansion, 
and this again in its turn increases the elevation. In some 
such way we may account for the pari passu subsidence under 

>Geol.Hag.,voI.fi,p.291. 18S8. 
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sedimentation and elevation under eroBion, bo common in 
every period of the earth's hiBtory, 

It would be a mistake however to Buppose, as many do, 
that all crQBt oBcillationB are the reBuIt of weighting and 
lightening by sedimentation and erosion. There are un- 
doubtedly other cauBeB, far more fundamental, determining 
these movements. Subsidence is often not the restilt but the 
cattte of ezceBsive sedimentation by continual renewal of the 
conditions of sedimentation ; and elevation is often the cause 
of excessive erosion by renewal of the conditions of erosion.' 
That elevation is often produced by other causes be- 
BideB lightening by erosion, is evident in caseB of great 
lavarflooda, where the crust is lifted by upswelling of 
the sub-crust liquid and broken by great fiasures through 
which thesub-liquid is outpoured on the surface and the broken 
crust block readjusted by gravity in new positions. What is 
the. cause of the intumescence of the sab-liquid in these casea, 
whether elastic force of steam incorporated in the magma by 
excess of water from above, or whether by hydrostatic pressure 
transferred from a Bubsiding area somewhere else, we do not 
know. 



Although several members of the late Congress took ample 
notes of the proceedings, no one has put his notes into the 
form of a permanent record in advance of the official volume, 
except Col. Joaqulm Filippe da Encarna^ao Delgado of 
the Portuguese engineer corps, director of the Geological Sur- 
vey of Portugal. 

There have been several causes for thia ; one is that the dis- 
cussions at the London Congress settled very little if any 
thing, and barely if at all raised themselves above the com- 
monplace discussions in an ordinary meeting of a geological 
society. The Congress had no very important message for the 
world, and the world was not anxious to he informed of the 
usiness transacted by the Congress. 

Another reason may have been that those who were prepar- 
ed to give an account of the Congress were too busy to do so ; 

■Amer. Jour., vol. 32, p. ISO; 1586. 
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but the principal reason is probably because from the repre- 
sentations of the English committee everybody believed that 
the official volume itself would appear in a few weeks or, at 
most, a few months after the adjournment of the Congress. 
One can only surmise what has caused the delay, but the fear 
is that in spite of the anticipations of the London committee 
the volume is (apparently) as far from being issued as it was 
four months ago. 

The writer had the pleasure of presenting an account of the 
Berlin Congress in the columns of the American Journal of 
Science, Dec. 1885, and very shortly afterwards a volume with 
a few and ummportant changes which had received the revis- 
ion and endorsement of all those who took part in the debates 
of the Congress. The official volume of this, the third session 
of the Congress corresponds closely with the smaller digest, 
which was the only connected statement of the proceedings of 
the Congress accessible during the interval of three years from 
1885 until 1888. 

He knows from personal experience the difficulties which 
beset the path ^f the unofficial reporter of proceedings like 
these and can the more heartily accord his praise to the large 
quarto pamphlet of the learned and distinguished chief of the 
geological service of Portugal. 

There were some notable improvements over the methods em- 
ployed in Berlin which were noticeable in the London Congress 
and especially in the daily reports of the proceedings of the 
Council and of the general session of the Congress itself; with 
the untiring aid of the Abb^ Renard, Dr. Charles Barrois, and 
Dr. C. LeNeve Foster, the two sets of Journals were written 
out in full every day and printed at night, so that in the morning 
when the Council met at 9 :30 A. M., each member found lying 
before him on yellow paper, a record of the Council's proceed- 
ings of the day before, by the aid of which he could closely 
follow and intelligently amend the account read by the Secre- 
tary. The same was true when the Congress met after the 
Council meeting. The proceedings of the day before printed 
on white paper were distributed among the members. This 
convenience was due to the fore-thought of Mr. Topley and 
the devotion of the three gentlemen named above who frequently 
spent the greater part of the night in the work. It is the more 
surprising that with this troublesome matter of routine busi- 
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nesB and debate out of the way, and the memoirs destined to 
publication in manuscript in the hands of tbe Secretaries, the 
official Tolume has not been out a month or more ago. 

The title of Col, Delgado's book is "Account of the fourth 
session of the International Geological Congress held in Lon- 
don in the month of September, 1888, by Joaquim Filippe da 
EncarnasAo Delgado, Colonel of Engineers, Director of the 
geological works. Lisbon, National Press, 1889." The follow- 
ing is a summary of this book made by one who is not famil- 
iar with Portuguese. 

After relating that the sessions were held in tbe amphithea- 
ter of the University of London, and the arrangements were 
perfect to satisfy all the wants of such a Congress, he mentions 
that tbe first session was held the 17tb of Sept. and the last on 
the 22d. The week following the sessions was devoted to geo- 
logical excursions so arranged that those interestei^ in any 
particular part of the geological column were provided with 
an opportunity of studying it. The meeting of the British 
Association for tbe advancement of Science preceded that of 
the Congress, having been held In Bath from the 6th to the 
12th of September where likewise geological excursions were 
organized so that one could observe tbe upper paleozoic and 
the lower secondary rocks. 

The number of foreigners present at the Congress exceeded 
by many those at its other sessions. At Paris the number of 
members enrolled was 304, of which 194 were Frenchmen, and 
110 foreigners representing 20 different countries. The num- 
ber of members enrolled at London was 835, of which 348 were 
foreigners representing 26 countries in Europe, Asia, America 
and Australia. Of the number 380 actually present at the 
London session there were 140 who represented foreign coun- 
tries or distant colonies of Great Britian. The following table 
gives the statistics on this subject. (See Page 47.) 

The advantage of personal contact of such a large number 
of geologists from all parts of the world is evident, and the 
preceding table is the best argument in favor of tbe importance 
of an international geological congress, though certain mem- 
bers for reasons not easy to understand predicted before the 
opening of tbe session that the London session would be the 
last. 

The programme of the ordinary work of the Congress con- 
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sisted in the discuBsion of quefltions which hitherto had not 
been treated at all or which had been insufficiently 
discuBsed at Berlin. Among the principal subjects of discus- 
sion should be mentioned especially a discussion relative to 
the geological map of Europe ; the classification of the Cam- 
brian and Silurian, and the Tertiary measures. The organ- 
izing conmittee resolved that one special sesBion should be 
devoted to the discussion of the cryatalUne schists, and also 
that various questions of nomenclature should be treated 
which as yet had not been resolved by previous Congresses, 
or which the international committee on nomenclature had 
presented through the medium of the secretary. 
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A large number of elaborate memoirs were presented by 
different geologists in order to facilitate the discussion and 
especially the discussion relative to the crystalline echiete, the 
organizing committee having taken care to solicit from various 
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foreign epecialiets their collaboration and having printed the 
different works sent in one volume which was distributed 
among the members of the Congress. 

The Congress began its session at 7:30 p. m. on Sept. 17, 
a great number of geologists being present. On the same day 
the committee on the map of Europe, the committee on 
nomenclature, and the Council had prepared divers reports, 
amongBt othere the nomination of the officers of the Congress 
and the members of the new Council. 

The session was opened by Prof. Beyrich, the President of 
the last Congress, who, after a brief discourse called upon Dr. 
Hulke, one of the general secretaries, to read a letter from 
Prof Huxley, Honorary President, in which the eminent nat- 
uralist regretted that the state of his health would not permit 
him to attend the session. Sir Douglas Galton pronounced 
an English speech of welcome on the part of the committee of 
organization to the geologists of the different countries con- 
gratulating them upon the large number of representatives 
who were present. Professor Capellini thanked the speaker on 
behalf of the foreign members of the Congress. The report of 
the council of the last Congress including the list of members 
of the definitive bureau proposed by it, was received and elect- 
ed, including one vice-president to represent each country from 
which delegates to the Congress were present. 

Following this came the inaugural address of the President, 
Prof. Prestwich of Oxford, the Nestor of English geologists. 
After calling attention to the advantages of such gatherings of 
geologists coming from all parts of the world, be referred to 
the objects which were stated as the fundamental work of the 
Congress at its first session, viz : The uniformity of nomen- 
clature, of classification, and of coloration for geological maps.' 

The session of the 18th Sept. was consecrated to the discus- 
sion of the Cambro-Silurian,that is to say, the classification of 
the lower Paleozoic. These measures have been studied by 
different geologists and very important memoirs were present- 
ed on them by the English and North American Committees. 

In view of the divergent views of the English and American 
committees representing the countries most directly inter- 
ested in the subject, and of their adherents in the geneial 
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membership of the Congress no unanimity and therefore no 
conclusion was possible, although the discussion was main- 
tained with great temperance and consideration of expression. 
It was finally unanimously agreed to divide the Paleozoic into 
three parts, for which the names were not even suggested at 
this session, it being thought naturally fitting that this matter 
should form an integral part of the discussion at the meeting 
in Philadelphia. As part of this discUBsion was of course the 
time-honored differences between the adherents ofMurcbison 
and Sedgwick, the chiefs of the schools of London and Cam- 
bridge, Prof, Lapworth proposed, as a means of accommo- 
dating the differences of these two schools, the terms Cam- 
brian, Ordovician and Silurian, giving to each those measures 
which he first described, entirely removed from the strata of 
his adversary, and giving a distinctive name to that sequence 
of beds which were claimed by both of them. Dr. Hicks, rep- 
resenting himself as a disciple of both schools, proposed to the 
Congress to accept Prof. Lapworth's proposition, and this was 
supported by Prof. Marr, adjunct professor at Cambridge, 
and one of the sub-committee on classification, who regarding 
the question from the paleontological point of view recognized 
the necessity of three names to distinguish the three divisions 
or systems. In honor of the distinguished savant fiarrande, 
he proposed that the lower Silurian of Murchison be called 
Barrandian. This proposal evidently did not find favor with 
the assembly. 

Prof. Lapworth proposed the two terms protozoic and deu- 
tozoic to designate the first and second natural divisions of 
the Paleozoic, corresponding with the distinct epochs observed 
everywhere over the globe which were called lower Paleozoic 
(Cambrian, Ordovician, and Silurian), and upper Paleozoic 
(Devonian, Carboniferous, Permian). Dr. T. Sterry Hunt, 
who has studied the question carefully, seconded the proposal 
of Prof. Lapworth. Prof Gosaelet, while approving the term 
Ordovician rejected that of protozoic and deutozoic in view of 
the importance which the Devonian system assumes in the 
Ardennes. Prof. Kayser supported the division proposed by 
the American Committee and accepted by Prof. Dewalque, of 
Taconic, Cambrian and Silurian. 

There is one phase of the question which is important, in 
view of the publication of the map of Europe, which will in- 
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Suence more or less the classification of the whole world. As 
it is a fact that the primordial fauna was first discovered in 
North America by Prof. Ebenezer Emmons prior to its discov- 
ery by Barrande in Europe, it is just, according to the laws of 

priority, to concede to America a part of this claBsification. 
Furthermore, considered as a paleontological question, the 
Cambrian of Sedgwick comprises the second fauna which was 
discovered by this geologist before Murchison extended his in- 
vestigations to the region which contained it. Therefore, 
Sedgwick recognized that this fauna was entirely independent 
of the system of beds which included the Tertiary fauna, or the 
Silurian, properly so-called. 

It was remarkable that although many geologists from 
North America were present at the Congress, and among them 
many who were members of the sub-committee of the lower 
Paleozoic, not one presented himself to sustain these views ; 
on the contrary Mr. Gilbert, of Washington, declared himself 
indifferent to the choice of names, but insisted that before 
adopting any syst-em the atratafrom hitherto unexplored parts 
of the globe should be examined. 

Prof. Otto Torrell declared himself an adherent of the 
Murchisoniun nomenclature. He would propose, in opposition 
to the preceding speakers, that the term Cambrian be applied 
to the Grst fauna of Barrande, the lower fossiliferoua beds of 
Otenellus, and that a special name be given to those lower 
clastic beds in which up to the present no fossils bad been 
discovered. He rejected the term Ordovician, preferring to 
designate as lower and upper Silurian the beds above the Cam- 
brian. 

Dr. Barrois called attention to the inconvenience of employ- 
ing words not univocal for these divisions. The univocal terms 
were evidently preferable and bad been recommended by the 
Bologna Congress and in the report of the secretary on nomen- 
clature. 

The Director general of the geological survey of the United 
Kingdom declared himself an ardent supporter of the classifi- 
cation of Murchison and thought "Ordovician" unnecessary. 
Prof. Hull, Director of the geological survey of Ireland, 
espoused the same cause. Mr, Walcott illustrated the strati- 
graphic succession of the primordial faunas in America. The 
Cambrian (considering as such the lower system of foasilifer- 
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OUB beds of the lower Paleozoic) inclosed succeasively three 
distinct faunas : the lower Olenellus ; the middle Paradosides ; 
and the upper characterized by Dikelocephalus and Olenus. 
This succession is exactly the game as that observed in Sweden 
and proves that the order of the appearance of the aeries all 
over the globe in the remotest epochs was the same in Europe 
and America, which had not before been so positively dem- 
onstrated. 

In harmony with a resolution of the Council in regard to the 
manner of voting, scientific questions were not to be decided 
by vote, the influence of the predominating number of those 
members who are natives of the country where the Congress 
is held being senHibly felt. A committee of seven members 
. was appointed to draw up a sketch of regulations for the vot- 
ing in future Congresses, anil to report them at the last meet- 
ing of the Congress of London. 

In thia session like the following it was permitted to several 
orators to make their remarks in Knglish, which were prompt- 
ly and brilliantly rendered into French by Dr. Barrois, one of 
the Secretaries. 

The entire session of Sept. 19, and the greater i>artof that of 
the 21st, were devoted to the diseuf^sion of the crystalline 
schists. Important memoirs on this subject had been pre- 
pared by Hunt, Hcini, Lory, Lehniann. Michael Levy, Lawson, 
the geologists of the U. H, (ieological Survey, and Lossen, 
which were printed and bound into a volume which was dis- 
tributed to all the members of the Congress. Profs. Kinaban 
and Kilroe, of the geological survey of Ireland, sent also mem- 
oirs to the Congress. It is useless to resume all these memoirs. 
Prof. Lory resumed the results of his studies of the western 
Alps. The cry.stalline schists, which full into two groups, 
form a succession of regular and constant mineralogical char- 
acters. The upper group is composed of aericite schist. 
chlorite and amphibolic schists {"pietre verdi" of the Italian 
geologists). The lower group consists of mica-schists and 
gneisses, and intercalated concordantly with these beds of 
cipoline limestones, pure saccharoidal limestones and dolomi- 
tes. Prof Issel accepts the same views for the maritime Alps. 

Mr. Heim opposes entirely the views of the preceding speak- 
ers. He considers it premature to divide the schists into 
stratigraphical sequences based upon these petrographical 
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charactera. He lays stress upon the metamorphism and mod- 
iGcationa due to contact, etc, 

M. Mattirolo from his invest! gatiODS of the Western Alps 
believes that the Permian and Triassic rocks can present the 
characters of crystalline schists through metamorphism. 
M, GoBselet attributes to mechanical action the metamor- 
phism of the rocks of the Ardennes. 

Prof Blake cites the rocks of Anglesey which the members 
of the Congress will visit in a few days, and remarks that a 
difference should be allowed between the effect of static 
pressure and dynamic movement which produces false bedding 
or cleavage. Both effects can be observed at the same point. 

Prof. Lapworth supports the principles enunciated by Heim 
and Lehmann from his studies of the Highlands of Scotland. 

Prof. Hull presents a memoir of Prof. Kilroe with illustra- 
tions from the rocks of Donegal. He considers that in the 
effects of metamorphism, it is fundamental to distinguish 
between the effects of mechanical and hydro-thermal agents. 
In his opinion mechanical movements might alone facilitate 
but could not produce secondary combinations. 

Dr. T, Sterry Hunt presented in a long and able discourse 
his crenitic theory. [This theory has been already several 
times presented to the readers of the "Geologist" and does not 
need repetition here.] Prof, Renevier rejects the theory which 
would classify all the crystalline schists among the Archean. 

Prof, de Lapparent reminds the speakers that pressure of it- 
self without movement will not produce heat. 

Prof. Heim supposes that the heat is produced by euccessive 
shocks or tremors similar to those which are observed in or- 
dinary earthquakes. Responding to a remark of Prof. Rene- 
vier he says that the trunks of the trees alluded to had not 
been transformed into gneiss, but were found in beds inter- 
calated in pseudo-gneiss. Lapparent cites schists in Brittany 
containing trilobites. 

Mr. Joseph MacPherson presented the results of bis studies 
of the Archean series in Spain. 

Dr. Hicks denied that the general metamorphism of the pre- 
Cambrian rocke could be explained by pressure and contact 
and illustrated his remarks by the conclusions to which he had 
arrived from a study of the geology of Wales. 

Prof Lossen, M. Michael Levy, Mr. A. C. Lawson, Dr. Geo- 
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H. Williams and others continued this, interesting discussion 
which, however, according to the rules which the Congress 
adopted for its government was followed by no vote. 

On the 20th the discussion was directed to the limitations 
of the Tertiary and Quaternary terranes. 

ProfRenevier and Dr. Blanford think that the Quaternary 
should not be considered a group of equal value with Tertiary 
but should be regarded as a sub-division of the Tertiary. 

Prof, de Lapparent, Dr. Frederick Sacco of Tunis, Prof. GoB- 
eelet, Prof Pilar, and Mr. Evans think it important enough to 
rate independently. Prof. Prestwich while thinking the epoch 
of importance, as containing man, would call it Plistocene. 

During the session of the 21st of Sept. Dr. Hauchecorne pre- 
sented the first sheets of the geological map of Europe, repre- 
senting a part of central Europe, comprising a part of Denmark 
and Sweden, the greater part of Germany, Holland, Belgium 
and a part of Prance, including the Ardennes. The map waa 
constructed on a scale of , - , — j, ,-^ and has for principal merid- 
ian that of Paris, but also on one of the margins has the longi- 
tudes referred to London. 

On Saturday the 22d was the concluding session. The com- 
mittee on the method of voting consisted of Capellini Presi- 
dent, de Lapparent Secretary, Blanford, Ino8tranzeff,Neumayr, 
T. Sterry Hunt and Zittel. This committee recommended 
that the vote on any question should be divided into two parts : 
1st, that of the members from other countries than that in 
which the Congress was held, and 2d that of the members who 
are natives of the country where the Congress happens to be 
held. If these two votes are accordant the result may be ac- 
cepted as final. If they disagree it will be considered that the 
question has not been sufficiently studied, and the resolution 
will be submitted to another Congress. 

At the session of the 19th, Prof. Frazer presented a long list 
of scientific societies and institutions of higher instruction in- 
viting the Congress to hold its next session in the United 
States, and others inviting the Congress to select respectively 
Philadelphia and New York as the place of meeting. Two 
days later an invitation waa received by cable from major 
Powell for the Congress to meet in Washington. The Coun- 
cil received with the greatest enthusiasm these invitations, 
which was shared by Profs. Stur and Neumayr in the name of 
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the geoIogistB from Austro-Huagary, who hoped that the suc- 
ceeding session — that of 1894 — would be held in Vienna. 

On the motion of Prof. Capellini the Council decided that a 
committee consisting of Frazer, Gilbert, Marsh, Newberry, Ster- 
ry Hunt and Walcott should constitute a provisional commit- 
tee, with the addition of the names of Profs. James Hall and 
J. D. Dana, which committee should select the city where the 
re-union should take place and name the organizing commit- 
tee. By unanimous Tote the city of Philadelphia was selected. 

This unanimous vote received by the Council was presented 
by the President to the Congress at its Beseion of the 21st 
September, and approved by acclamation ; aa likewise was the 
proposition by the President to send a telegram of thanks to 
the mayor of Philadelphia. 

One of the motives for selecting this city as the seat of the 
future Congress was that the university of Pennsylvania has 
resolved to celebrate in 1891 its centenary, on which occasion 
it will draw thither savants from all parts of the world. An- 
other reason is that there will be at that time a re-union of 
the International Medical Congress in Washington, and many 
of the distinguished foreign members of the latter will be in- 
vited to participate in the ceremonies of the University, which 
is one of the five oldest in America and the second in point of 
equipment in halls, laboratories, and other adjuncts of a great 
centre of higher instruction. Three millions of dollars addi- 
tional will be invested in furtherance of its aims. The Pro- 
vost of the University authorizes Prof. Frazer to offer all the 
necessary facilities to the Congress for its meeting in the halls of 
the University. But the principal reason which decided the 
choice of Philadelphia before the other cities of the Union was, 
that the idea of assembling an international Geological Con~ 
gress took shape in 1876 during the celebration of the centen- 
ary of the independence of the United States by the Interna- 
tional Exposition at Philadelphia. The 'comit6 fondateur' of 
the Congress was appointed by the American Association for 
the Advancement of Science at its meeting in Buffalo during 
the before-mentioned year, and received the officialname which 
the American Committee (its direct continuation) has retain- 
ed at all subsequent Congresses, of "Comity fondateur de Phil- 
adelphia." The invitation was signed by the mayor of the city ; 
the president or chief officer of all the principal institutions of 
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Bcience and education ; the pTincipal executive officers of the 
city; the select and common councils; the judgeaofthe courts; 
the military officera of the U. S., resident in the city ; the 
.presidenta of thebanks, ofthe great railways, of the large indus- 
trial institutions ; by large numbers of the most eminent law- 
yers, merchants, and in short by representatives of the most 
important activities of the city. With the patriotic and liber- 
al spirit of Americana, Profa. T. Sterry Hunt and Frazer declar- 
ed that they hoped to be able to effect a reduction of the ex- 
pense of the voyage to America and back to Europe to half the 
ordinary cost, as was done for the members of the British As- 
aociation for the Advancement of science during its sesaion in 
Montreal in 1884. Further, as three of the presidents of the 
great trans-continental railway lines had joined in the invita- 
tions, itwasprobable that excursions to the Rocky mountains, 
to Canada , to the great lakes , and to the south would be ar- 
ranged for the foreign members at greatly reduced rates if not 
almost gratuitously. 

The last session of the Council had a long discussion rela- 
tive to organizing the international committee on nomencla- 
ture, the old one having ceased to exist from the opening of 
the London Congress. Prof. Cappellini put the question 
whether it should be newly nominated, preserving the func- 
tiona which it previously had, or whether it should be 
dissolved, or whether it should be changed so as to possess 
only some of its previous functions. 

Prof. Renevier waa of the opinion that the functions of the 
Congress should terminate and that the Congress should name 
committee-men who should discuss by letter certain questions 
and seek to procure harmony. It was not necessary to pre- 
serve a large international committee. M. Stefanescu was 
opposed both to the dissolution of the old committee and to 
the propositions of M. Renevier, as in the case of the accept- 
ance of them the committee would lose its international char- 
acter. Mr. Evans thought that the best practical means was for 
every nation to name a committee and for these committees to 
discuss the matters by correspondence. Prof Goseelet thought 
that a committee on nomenclature ought to be retained and 
that each nation should have one vote in this committee. M. 
IsBel thought that it was very important for the professors of 
geology if the Congress should indicate to them the road to 
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pursue. From the point of %aew of education a uniform sys- 
tem of nomenclature was necessary, and in support of his view 
he cited the enormous progress of chemistry due in great meas- 
ure to the adoption of general rules of nomenclature. Prof 
Zittel was of the opinion that it was very useful to have a 
committee on nomenclature, since the existing committee had 
accomplished such excellent work, but that the committee 
should occupy itself with general questions and not discuss 
particular aSairs. 

In the end the proposition of Mr. Evans waaapproved to name 
anew acommittee on nomenclature tike the one now existing, its 
members to organize in their respective countries national 
committees to study these questions and to communicate with 
each other by correspondence. By an amendment of Prof 
de Lapparent all geological societies, and all the geological 
institutes and surveys existing were included in the resolution. 
After a short diecussion the Council proposed the following 
list of members which should compose the international com- 
mittee of nomenclature and this list was approved unani- 
mously by the Congress. 

Germany Prof. Zittel. 

Australia Mr. Liversidge. 

Austria Mr. Keomayr. 

Belgium Mr. Dewalqiie. 

Bulgaria Mr. Zlatarski. 

Couada Dr. Eoht. Bell. 

Denmark M. JolinHtnipj). 

United States Prof. James Hall. 

France Prof, de Lapparent. 

Great Britain T. McKenney Hughes. 

Spain Vilanova y Piera. 

Hun(;ary Szabo. 

India Blanford. 

Italy Capellini. 

Mexico Castillo. 

Norway Kjerulf . 

Holland Cplker. 

Portugal Delgado. 

Ar^tentine Republic BrackenbuBcli. 

Roumania Stelanew;u. 

Russia - InoHtranaeff, 

Sweden Torell. 

Switzerland Renevier. 

By resolution of Prof, de Lapparent the President and Sec- 
retary of the old committee became the President and Secre- 
tary of this one. 

Prof, Prestwich then resumed in a few words the work which 
the Congress had accomplished. Resolutions of thanks were then 
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paaaed to the senate of the University of London and to all those 
who had assisted the Congress in its work, &c. Prof. Capel- 
lini in a few graceful phrases exprsBsed the gratification of 
the foreign members and regretted the absence, owing to sick- 
ness, of Prof. Huxley. The President in accordance with a 
vote then passed declared the Congress adjourned. 

In the remaining part of his book Col. Delgado describes the 
collections both of the Congress itself and of the museums 
visited by its members, the excursions, &c., and concludes 
with a few words of faith in the utility of the Congress and 
appreciation for the labors of the English committee. 



REVIEW OF RECENT GEOLOGICAL LITERATURE. 

The rnck-scoringi of the great ice invasiom. By T. C. Chaudeblin. 
Pages 147-248. (Accompanying the seventh annual report of the 
director of the U. S. geological survey). Fifty figures, mostly repro- 
duced from photographs, are inserted in the test, illustrating various 
conditions in glacial erosion and striation. both of the bed rocks and 
ot the bouldera and pebbles in the drift. Very instructive and extraor- 
dinary glacial markings, supplying about a quarter part of these 
illustrations, are found on the Corniferous limestone surface of Kelly's 
island in the west part of lake Erie. There the Striie in onf place 
follow the winding channel of a water-course that is worn several feet 
deep in the rock; and specimens of glacially fluted limestone are 
obtained which resemble the massive mouldings of architecture. 
StriiB have been recorJeJ in about 2,500 localities upon the glaciated 
area of the United States, being in some districts too numerous for 
representation on the accompanying map; while in other districts, 
some of which, ax notably the Adirondack mountain group, doubtless 
have abundant glacial markings, no obeervalions of them have been 
obtained. 

The geographical distribution and topographical relations of the 
stri^, especially the varying positions of the striated surfaces, and the 
influence of topography as affecting the distribution ot atriie are con- 
Bidered in much detail ; and the evidence points indubitably to the 
grinding and scoring action of a vast sheet of land-ice moving radially 
outward from central areas of maximum accumulation. Amplifying a 
simile of professor Newberry, the author remarks: "The glacialist 
should be able to distinguish with as much certainty the traces of a 
glacier or of an iceberg or ice-floe as the huuter the track of a bear or a 
moose or a serpent. A glacier may be likened to an ophidian, crawl- 
ing prone ; an iceberg, to a digitigrade, walking on its toes ; an ice- 
floe, to a semi plantigrade, setting down the edge of ita foot." 

Intersecting strite on the same rock surface, and adjacent surfaces 
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diverael^Btriat^d, are referable, lor the great majority of caaea, to deflec- 
tions of the glftcift) currents near the border of the ice-aheet during ita 
receaeion, belonging thua toasingle glacialepochratherthan toBuccea- 
siveice-aheetsseparatedbyaninterglacialepoch. Batinsomeinstances, 
notably in northern Indiana, preaident Chamberlin has observed 
crossing eyetema of etri« that quite certainly belong to dififerent epochs. 
There are also in the same dieirict two seta of moraines, which com- 
plete the demoaatration of a movement from the east that over-rode 
territory previously invaded from tiie north. 

Considering the abrading and scoring action ef the ice-sheet, it ia 
compared to a plow, a file, and a sled ; and the antbor concludes that 
much the larger part of the work of striation and poliahinn was the 
result of action analogous to that of the file. The aimpleat form of 
striation, consisting of fine, bair-tike lines, is attributed mainly to 
sand and silt caught between the lai^r erratics and the bed-rock over 
which they were being forced. Where larger, obdutate particles were 
entrapped, deeper scorings were made. Under thia view the abrupt 
origin and disappearance of some of the strife are quite readily ac- 
counted for. When a particle was overtaken by a slab or a flat-bot- 
tomed boulder embedded in the ice, it was forced strongly into the 
under surface and kept in action as a graver until the boulder passed 
over it, unless sooner worn out or crushed, when it was abruptly freed 
from the exceptional pressure. 

The manifold phases of glacial planation, emboaament, grooving, 
striation and polishing are very fully discussed in thia paper, as to 
their characteristics, thoir mode of origin, and their significance 
respecting the history of the glacial epoch; and the map displays the 
limits of the drift-covered area across the TJnited Stat«e, and the 
courses of the glacial atriffi. 

Die Stdmme det 7%iemicht. Von M. Nbumatb. Erster Band : 
Wirbellose Thiere, 18S9. The first volume of this remarkable work 
has recently appeared. It is a large octavo comprising over 600 pages, 
illustrated by ,192 cuts, and is the outcome of more than a quarter of a 
century's work and observation. The first one hundred and fifty pages are 
devoted to the general discussion of animal morpbolc^y and evolution. 
The chapters on the various sub-kingdoms are each introduced by a full 
consideration of the leading anatomical features after which is a more 
detailed notice of the sub-groups. The Protozoa occupy approximately 
56 pages ; the Ccclenterata, 140 pages ; Echinodermata, 150 pages, and 
the Vermes 95 pages. The part relating to the echinoderms is partic- 
ularly interesting and suggestive. The obscnre and curious group of 
cystids appears to be of considerable more importance than has hither- 
to been commonly regarded. The genetic relations of the Echinoder- 
mata are thus expressed : 

Crinoids. Echinoids. Stellerids. 
^Cystids.— 
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The Crinoidea are eub-divided into two great groapB, Eptueocrintn 
and HypateoCTxnen; according to whether the month and food grooves 
are open or cloeed. The division o( the Crinoidea based upon this 
character has recently been shonn to be untenable and has b«en 
abandoned. The second volume of this important work will be issued 
shortly. C. E. K. 

Tht Arehtati Geology of tht region northwett of lake Superior. By 
Andsew C. Lawbok. (In Etudet mr lei ichitUi criilallint; published 
by the Comite d'organitatiott of the late London session of the Inter- 
national Congress of Geologists, London 1888.) In this paperore given 
concisely the main points reached by the author in his late studies in 
the region mentioned, for the Canadian gaological survey. The rocks 
of the Archean he divides into upper and lower divisions, the lower 
being the gneisses and syenites of the Laurentian, and the upper the 
crystalline schists and the sericitic schists and graywackes. Heregards 
the Laurentian as tba ancient floor on which the upper Archean was 
deposited, but which has since been fused and rendered "magmatic," 
BO as to penetrate fissures and overflow considerable areas of the upper 
Archean ; that primarily an older rock it is, in its present condition 
and position, a younger rock than the schistn. The upper Archean he 
describes as a very distinctly stratiform assemblage of rocks, partly of 
detrital sediments and partly of volcanic ejectamenta, separable into 
Coutcbiching, the crystalline schists proper, and Keewatin, or the 
sericitic schist group. The former were laid down in a period of 
extreme quiescence, but the opening of the Keewatin "appears to have 
been the beginning of a widespread volcanic activity which lasted 
throughout." There is apparent conformity between the two series, 
according to the author, but owing to the profound contrast in petro- 
graphic characters he considers that the line of demarkation between 
them represents an historical break which is of the nature of an 
nnconformity. 

As to the nature of the contact between the upper Archean schists 
and the lower Archean gneiss, the author recognizes the difficulty 
which geologists will find in accepting bis hypothesis that the gneiss 
is both older and younger than the schists. "There is now no trace of 
that floor, in the condition in which it must have been when other 
rocks were laid upon it." • • • "On the contrary it presents the 
most convincing evidence of bearing the same relation, subject to 
certain qualifications, to the upper Archean that an eruptive rock 
bears to the strata through which it breaks." The author conceives 
that the Laurentian sediments were depressed, after the accumula- 
tion of the upper Archean, so as to come within the fusion plane of 
hydro-thermal agents, and that they were in this magmatic condition 
net only re-cryatallized but were extruded through the upper Archean, 
which the anthor supposes did not experience this fusion, or if it did 
the original roek wae converted to Laurentian hornblende-syenite (if 
from the Keewatin) or Laurentian biotite-granite-gneiss (if from the 
sediments of the Coutchiching). 
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Mr. LawBon meets the natural objection, tliat in the origimil Lauren- 
tian are quartzytes and limestones, whose general characters and 
stratifona arrangement indicate that they are simply altered sedi- 
mentB, by the Buggestion that theee will be found on careful examina- 
tion to bear the same relation to the great bulk of the granitoid 
gneisses that the upper Arohean bears to the lower in the rejjioo 
northwestof lake Superior, i. e., that they areiimply included, isolated 
or disrupted portions of beds that normally belong above the gneiss, 
that have been covered by overflow. 

There are several points in Mr. Laweon'a general scheme tliat are 
new, and some that at another time will be compared with results that 
have been reached by the Minnesota geological survey, with which 
they do not entirely agree. 



CORRESPONDENCE. 

The Taconic in the Salt Raxob op Punjab (India). Two lelt«rs 
which I have just received from India and England eetablieh beyond 
any doubt the existence of the primordial fauna in the Salt Range 
mountains ; adding a third areaof Taconic rocka in Asia (one in China 
and another in Siberia). Mr. A. B. Wynne in hia very remarkable 
memoir; "Geology of the Salt Range of Punjab" 1878 Mem. Geol. 
Sun: India, vol. xiv, Calcutta) at p.p. 68 and 86, refers some beds 
containing OboluM and some other earliest forms of brachiopoda to the 
Silurian. The fossils were determined by that excellent and much 
lamented paleontologist and geologist, the late Dr. F. Stoliczka. 

In 1878, Dr. A. Waagen, the successor of Stoliczka aa paleontologist 
of the geological survey of India, expressed an opinion entirely differ- 
ent, regarding the "boulder or Obolue beds' ' as Lower Carboniferous, 
saying that tho "small brachiopod most nearly allied to Obolus, from 
wliicli Wynne has concluded prematurely that the beds are Silurian" 
was not well determined. [See "geographical distribution of fossil 
organisms in India," p. 276 in Rec. Geol. Surv. India, vol, xi, Cal- 

Following his view Dr. Waagen in the introduction of his great work 
on "the Salt Range fossils," p. 3, Calcutta, 1879, places the "Oftoiu* 
beds" in his "Prodvctui limestone" of the Carboniferous system, and 
in orderto support this new departure he did not hesitate to create in 
1.S85 four new genera. N<obolu», which does not possess any real 
biological difference from the genus Obolui, Schizopholit, Darid^ontlla, 
and DiicinoUpsis; and finally he described also two new Lingula. All 
that little brachiopod fauna is figured and described at great length in 
his "Prodnctus-limestone fossils," at p. p. 748-770. All that fauna, 
five genera and eight species, composed exclusively of Taconic 
forme of brachiopoda, most characteristic of the primordial brachio- 
poda of North America and Europe is placed, without hesitation by 
Dr. Waagen, in the Carboniferous system, third division, at the base of 
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what he calls the "Magaesian aandetone group" as bis "Neobolns 
beds" instead of the "Obolae beds" of Wynne and Stoliczka; saying 
that the term "Produclug limtetone" applied to the whole series "must 
be now considered as a Hynonyin of Carftoni/erous." {Preface p. vii ; 
Prague, IS87.) In the eume preface, which has been issued at the end 
ot the "Salt Range (ossila," Calcutta, 1887, Mem. Otol. Surv., India, 
series xiii, 1 and 7, Dr. Waa^en refers the conularias of the "speckled 
sandstone" or the Cretaceous "Olive group" oJ Wynne, also to the 
Carboniferous ayBtem, placing them above his "Neobolus beds" and 
below the mountain limestone fauna. That other most extraordinary 
inexact paleontolo^ieal interpretation and view, was not accepted by 
all the practical geologists of the survey, and it was opposed, as well 
aa his idea of the "OboUus beds" being Carboniferous, by Messrs. 
Medlicott, Wynne, Warth, and Richard D. Oldham. Dr. Waagen did 
go so far in that singular preface as to speak of "animosity" and "con- 
tempt" for his geological ages of the strata of the Salt Range; because 
all these good and original investigators disagreed with him. These 
complaints of Dr. Waagen are not well founded ; he explored himself 
once the Salt Ranse mountains in company with Mr. Wynne, and he 
saw the "Obolus beds" lying under and in unconformity with the 
Carboniferous ; and if he had adopted Stoliezka's determination of 
primordial fossils, be would have easily considered his extraordinary 
confusion of placing a whole system of strata in the Carboniferous, 
with which it has absolutely nothing in common. 

A most important discovery has just come to light, which puts an 
end to the great errors held with such pertinacity daring the last ten 
years by Dr. Waagen. The indefatigable Dr. Worth, the discoverer 
of the primordial hrachiopod fauna and of Conularia, has found some 
trilohites in the "Oliolus beds." One of them is & Conocff/halitti 
which Dr. Waagen himself says is very nearly related, if not identical 
with Conoc ephalilet formoius Hartt, from the St. Jobn group of New 
Brunswick, North America i and another trilobite is perhaps an 
Olenue, or more likely a Dorypygt. There is no question that such 
form of trilobites can not be of Carboniferous age ; they are decidedly 
Lower Pal eoioic and belong to the Middle Taconic. The truth is that 
Dr. Waagen, against stratigraphy, against lithology, ami what is worse 
for a paleontologist, against paleontology, has referred and inclosed in 
his Carboniferous system of Punjab : first, the primordial fauna and 
the Taconic system, and second, the "Olive group" of the Nummulitic 
age ; two errors so enormous that they remind one of the transfer of 
the primordial fauna above the second and even the third by certain 
American geologists ; and the enclosing of the Trias, Jurassic and 
Neocomian of Texas and New Mexico in the Dakota or marly chalk of 
Europe. 

We have these examples as well in Asia as in North America 
of the absolute necessity to cbcck the works of a certain class of pale- 
ontologists, too apt to err in following preconceived ideas. An exact, 
careful and sharply delineated stratigraphy made by practical observ- 
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era trained by longresearches in the field, mast alwayecomeflrot; and 
all the haaty aynchroniem and equivalency of fannce be carefully 
avoided. A severe control of all the facta by able mveBtigatora must 
be resorted to before jumping at conclosiona. These remarks are 
more and more necessary in order to keep constantly on our guard 
against the too Dumerous confusions introduced anomalously as a 
regular crop of errors by the special class of paleontologists. Of course 
palcontologiBts like Barrande, Emmons, Agassiz, Edward Forbes, 
Alcicie d'Orbigny, Deahayea, d'Koninck, de Verneuil, instead of 
introducing errors, have been the originatora of great truthe, 
and have contributed immensely to the progress of stratigraphy and 
paleontology. In my long experience in both hemispheres I have 
seen several examples of how some paleontologists easily created new 
genera, or identified foaails, straining the plain paleontological evi- 
dence ; and I can not insist too much on putting younger practical 
geologiats on their guard not to accept authorities without a severe 
control. 

The last contradiction and confusion has just been called to my 
attention; it is contained in Mr. Walcott's paper; "Stratigraphic 
position of the Olenellua fauna in North America and Europe. " 
{Amer. Jr. Sc, M.ay, 1880, p. 374.) The author says : "The relative 
position of the Rliddle anil Ijowor Cambriao tanna is now changed, the 
Paradosides zone being removed to tlie Middle, and the Olencllus 
zone to the I.owor Division ;" a chasse-crois^e to wliich we have been 
accustomed. For Mr. Walcott there is only one horizon of Olenellus 
in Europe and North America, and in hia haaty pateontological class- 
ification ho had put together all the fossils of the (ieorgia group with 
those of Manuel brook. Conception bay, Newfoundland, an uncalled 
forconfusion, showing how Mr. Walcott difTers in his method of deal- 
ing with classification of stratigraphical facts and pal eonto logic ill 
determination of fosaila from Mr. Mathew and myaelf. I refer to the 
two papera lately issued: "On the claaailication of the Cambrian 
rocks in Acadia No. 2," by G. F, Mathew; and "Olenellus beds in 
Scandinavia and North America" contained in my paper, "Canadian 
classification for the province of Quebec," in which a move in the 
right direction has been fairly started, I bopc to be able to publish 
before long a paper on "Olenellus and Paradoikides in both hemi- 
spheres," in which I shall treat at length of the stratigraphy and 
synchronism of the different groups Of the middle Taeonic. 

S7 Mas ^*S9, Cambridge, Man. JuLES Marcoc. 



PERSONAL AND SCIENTIFIC NEWS. 

Dr. T. Stebry Hunt has partially recovered his health ; 
haa returned from Florida and is at the home of hiB frieDd 
James Douglas at Spuyten Duyvil, N. Y. 

Dr. Pbrsifor Frazer, one of the editors of this journal, 
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who left Philadelphia May 16th for the city of Mexico, for the 
purpose of some ecientinc work there has retarned after an 
absence of about a month. 

AccoRDiNo TO J. B. Tybrell, in the Canadian Record of 
$c2enc£, the gypsum deposits of Manitoba, are practically of 
about the age of the Onondaga formation of New York and 
western Ontario. 

The posthumous publication of Prof, A. H. Worthen'a, 
volume VIII, of the report of the Illinois geological survey, is 
an event, which geologists will eagerly welcome. Chapter i, 
of which advance sheets have appeared, edited by Dr. Josua 
Lindahl, is devoted to the drift deposits of Illinois, and gives 
expression to views unfavorable to the glacial theory of 
Agassiz. 

According to Mr. James M. Swank the year of 1888 wit- 
nessed the greatest production of iron ore and of pig iron in the 
history of the United States, the latter amounting to 7.268.507 
tons and the former to 12,05<"',0f)0 tons. At the same time 
there was a shrinka<;e in the production of Bessemer steel rails 
from •2,11H,9()4 tons in 1SS7, to 1.386,278 tons in 1KS8, a de- 
crease of 7l5.(>2ti tons, which is greater than the total product 
of the United States in 187!', when we made 610,692 gross tons. 
From the Lake Superior region were shipped 5,t*23.27!> gross 
tons of ore in 1SS.><; of this the Marquette range supplied l,i)21,- 
Tilh tons, the Gngeliio range 7.424.762 tons, the Menominee 
range 1 ,16r>,0:5!J tonif. and \,\v- Vermili.m range 511,il-"j;! tons. 

An Ai.ASK.w Gi.AC[r:K. T!ie most ;u:cur;ite information yet 
obtained concerning these glaciers is that gathert'il bv Mr. 
William I'. Blake in 18li;i. Areording to liim, "tlicre arc four 
large glaciers* and several smalliT ones visible within a dis- 
tance of sixty or seventy niileii from the moiuh" of the river. 
The second of these larger ones has iittraeted nmst attention. 
This "sweeps grandly out into the valley from an opening be- 
tween high mountains from a source that is not visible. It 
ends at the level of the river in an irregular bluii' of ice, a mile 
and a half or two miles in length, and iihout one hundred and 
fifty feel high. Two or more terminal moraines ])roteet it from 
the direct action of the stream. What at lir^t unjioared as a 
range of ordinary hills along the river, proved on landing to be 
an ancient terminal moraine, crescent-shaped and covered with 
a forest. It extends the full length of the front of the glacier." 
This glacier ha,% never been fully explored. A number of 
years since, a party of Russian oilicerp attempted its explora- 
tion, and were never heard from again. Mr. Blake reports 
that, as usual with receding glaciers, a considerable portion of 
the front as it spreads out in the valley is so covered with 
bowlders, gravel, and mud that it is difficult to tell where the 
glacier really ends. But from the valley to the higher land it 
rises in precipitous, irregular, stair-like blocks, with smooth 
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sides, and so large that it was imposeible to surmount them 
with the ordinary equipment of explorers. The glacier is es- 
timated to be about forty miles long.— Prop. G. F. Wright, in 
the Popular Hcietioe Monthly for June. 

Apropos the Mention of the Classification of the Cbi- 
soiDEA by Neumayr in his Stamme des Thierreichs, another 
note may not be impertinent. The recentinvestigationB among 
fossil crinoids have brought to light many features of great 
morphological import, rendering necessary some modifications 
in the existing systematic arrangement. With this in view 
there will shortly appear, it is understood, a joint revised 
classification of the class, by Messrs. Wachsmuth and Spring- 
er, and Dr. P. H. Carpenter of England. The paper will be 
issued simultaneously in this country and Europe. 

The Marietta Scientific Association was recently organi- 
zed at Marietta.Ohio, for the promotion of scientific inquiry and 
the investigation of all scientific matters that may oe of in- 
terest in the immediate vicinity of Marietta. It is tributary 
to Marietta college, and its collections will be deposited in the 
college museum. The president is T. D. Biscoe, and the cor- 
responding secretary is C. K. Wells. 

Prop. G. Frederick Wright, of Oberlin, recently made a 
cursory examination of some parts of the gorge of the Mis- 
sissippi river between Minneapolis and Port Snelling, for the 
purpose of noting personally the points of evidence in the 
discussion of the recession of the falls of St. Anthony bear- 
ing upon the date of the glacial epoch, as brought out by 
Prof. Winchell in vol. ii, of the final report of the Minnesota 
aurvey. 

The Circular of the Permanent SECRETARVof the Toronto 
meeting of the American Association for the Advancement of 
Science has been issued. The session will begin August 27th 
at noon, by a meeting of the Council. The first general ses- 
sion will begin at ten o'clock on the 28th. The American 
Geological Society will hold a meeting at Toronto, Aug. 28th 
and 29th. 

Sometime ago Dr.Stephen Bowers, of Ventura, California 
reported that, in grading the streets of that city, some teeth 
and boncB had been found which he supposed were those of a 
fossil llama. These teeth, together with some other fossils 
from Ventura county, have more recently been examined by 
Dr. Lorenzo G. Yates, of Santa Barbara, and he pronounces them 
cusps of the tooth of a mastodon. This decision will probably 
be accepted by geologists owing to the well-known long study 
that Dr. Yates has Riven the subject of the mastodon, his re- 
mains and former distribution, in California. Remains of the 
mastodon have been found in so many places on the Pacific 
elope that it is plain that he roamed extensively over the plains 
of California. 
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SKETCH OP THE LIFE OP DAVID DALE OWEN. M. D. 

Sis ancestry, birth, education and marriage. Dr. D. D, 
Owen's father was Robert Owen, the philanthropiBt, cele- 
brated for his cooperative experimeDts, first in Scotland, and, 
later, at New Harmony, Indiana. Dr. Owen's mother, the 
eldest daughter of David Dale, merchant and Lord Provost 
of Glasgow, Scotland, was married to Robert Owen in 1797, 
and David Dale Owen, their third eon who lived to maturity, 
was born at Braxfield House, near New Lanark, Scotland, 
June 24th, 1807. 

His early training, under a private tutor, embraced chiefly 
instruction in the Knglish branches, the rudiments ofLatin, 
and a course of architectural drawing. At the same time a 
portion of each day was devoted to acquiring facility in the 
useof carpenters' tools, materials and instruction being furn- 
ished at the extensive mechanical department connected with 
the large cotton manufacturing establishment of Dr. Owen's 
father. Later the Lanark academy, or grammar school, furn- 
ished additional classical training for a college couiee. Rob- 
ert Owan, while traveling on the continent of Europe, had vis- 
ited the celebrated educational institution of Emmanuel Fel- 
lenberg, neat Berne, Switzerland, and was bo much pleased 
with the system pursued, equal attention being directed to the 
physical, moral and intellectual development, that he sent his 
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oldest SOD, Robert Dale Owen, there, (BUbsequeDtly in the U. 
S. the author of several works, member of Congress and U, S. 
Minister at Naples) accompanied by his next brother, William 
who a few years after his emigration to the United States, 
died at New Harmony, Indiana. After they returned from 
their three-year course, Dr. D. D. Owen and his younger broth- 
er Richard Owen were sent there (in 1824) and remained also 
three years. 

"^h.^ physical training at this institution, consisted in daily 
gymnasticB,athletic games, weekly excursions, and in vacations, 
spent in traveling on foot with knapsack and "alpen-stock," 
averaging about twenty miles daily, while traversing each year 
a new portion of Switierland. The moral education consist- 
ed in the formation of class -circles, for mutual improvement, 
each presided over by n member of the senior class, and meet- 
ing regularly under their leader. These reported to the "gen- 
eral a88embly"which was convened at intervals by Mr. Fellen- 
berg, who, besides, met all the students every evening for a 
brief period of opening prayer and invitation to any one who 
desired to make an observation, either bearing on his own 
case or that of a classmate. 

The intellectual course for the more advanced classes, was 
partly optional, and Dr. Owen and brother selected chemistry, 
drawing, and modern languages, inaddition to the usual math- 
ematical and literary course ; on returning to Scotland, Sept. 

1826, they entered the chemical and physical classes of Dr. 
Andrew Ure, lecturer at the Andersonian Institution, in Glas- 
gow, where their mother then resided ; Robert Owen having 
meanwhile emigrated to the United States in order to test his 
sofiial experiment at New Harmony, Indiana. For that place 
Dr. Owen and brother left Liverpool, in a sailing vessel, Nov. 

1827, passing throngh the West India Islands, and reaching 
New Orleans about the last of December ; thence arriving by 
steamer at New Harmony, early in January, 1828. Here, with 
the chemical appliances which had been brought from Glas: 
gow (purchased when visiting the chemical and glass works 
of that city), the experimente made by Dr. Ure, and which 
bad been repeated each day at home in Glasgow, were again 
reviewftd, until 1831-2. Up to this time Dr. D. D. Owen and 
his brother, Richard Owen (who afterwards for nine years fill- 
ad the chair of Nat. Science in the Western Military Institute 
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and, after serving nearly three years as colonel in the federal 
army, occcpied for 15 years a similar chair in the Indiana 
State University) had never been separated a single day; and 
it is from the latter reliable source that the chief details of the 
early life of Dr. Owen have been derived. 

In 1828, Dr. Owen on arrival in the United States declared 
his intention of becoming a citizen ; but in 1831, in order to 
further qualify himself in chemistry and geology, he again 
sailed for Europe and, in company with the late Prof. Henry 
D. Rogers, both of them making their home at the house of 
Robert Owen, attended the lectures of Dr. Turner, atthe Lon- 
don University. Returning in the Autumn of 1832, Dr. Owen 
narrowly escaped falling a victim to Asiatic cholera, which at 
that period had reached the western portions of the United 
States. After his recovery, he commenced the study of medi- 
cine at the Ohio Medical College, in Cincinnati, with a view of 
improving himself especially in anatomy and physiology, as 
essential aids in the study of paleontology. 

During the summers of these years, Alexander Maclure 
brother of the noted geologist, William Maclure, having ad- 
ministered on that estate, engaged Dr. Owen to arrange the 
very extensive collection of minerals and fossils made by his 
brother during hie exploratory travels, in Europe, the United 
States and West Indies. From this collection, Dr. Owen was 
to distribute specific suites to the indicated schools and col- 
leges. This duty he performed. He was to retain the residue, 
as the nucleus of a museum. To this latter Dr. Owen subse- 
quently added largely, by purchase from Dr. Krantz of Ger- 
many, illustrative fossils of every period ; among others an 
Ichthyosaurus, from the Lias of Wurtembei^, larger than the 
one in the British museum. Another interesting and valua- 
ble specimen was a nearly complete skeleton of a gigantic meg- 
atheroid animal (the Megalonyx) which he exhumed near 
Henderson, Kentucky. The entire collection some years after 
Dr. Owen's death was purchased by the Indiana University 
and unfortunately nearly all consumed by fire, when the 
new university building, including the Museum, Laboratory 
and Library, was destroyed. 

Dr. Owen, after graduating M. D. in the spring of 1836, spent . 
one summer in accompanying on a state survey, Di. Gerard 
Troost, state geologist of Tennessee, a former resident of New 
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Harmony. This field workwaa undertaken by Dr. Owen at his 
own ezpenee for the sake of preparatory practice in field geology. 
On the 33d of March, 1837, Dr. D, D. Owen was united in 
marri^e to Caroline C. Neef, third daughter of Joseph Neef, 
formerly coadjutor of Peatalozzi, in his educational establish- 
ments at Yverdun and Burgdorf castle, Switzerland. 

Dr.D.D. Ovjen's geological surveys, arranged ehronologieally. 

1. Immediately after Dr. Owen's marriage be commenced 
his labors as state geologist of Indiana, having been appointed 
to that position by the state board of agriculture. His prelim- 
inary reconnois sauce, made during the years 1837 and 1838, 
was published in an 8vo vol. of 133 pp. and republished in 
1859. Geology being in 1838 but little known to our western 
people a brief introductory exposition of the leading forma- 
tions was given in the report ; and then attention was directed 
to the coal fields, iron ores and building stones of Indiana, in 
all of which the State is abundantly rich. 

2. During the survey the Hon. James Whitcomb, the gov- 
ernor of Indiana, had ample opportunity of becoming ac- 
quainted with Dt. Owen's qualifications, so that when, as 
commissioner of the land office, Washington, he was directed 
by Congress, through Hon. Levi Woodbury, Sec. of the 
Treae., to have a survey made of the Dubuque and Mineral 
Point districts of Wisconsin and Iowa, comprising 11,000 
square miles of the N. W. territory, in order to reserve from 
sale those sections foundto contain mineral wealth, be selected, 
as the director of that examination. Dr. D. D. Owen. In order 
that the report might be made within the required time it 
became necessary to organize a large corps. The difUculties 
attendant upon this work can best be appreciated by the peru- 
sal of an extract from his report of 191 pages made April 2, 
1840, to the commissioner of the general land office. 

After showing the requiremeote. Dr. Owen says : I therefore 
immediately commenced engaging sub-agents and assistants, 
and proceeded to St. Louis ; there (at my own expense, to be 
repaid to me out of the per diem of the men employed) I laid 
in about three thousand dollars worth of provisions and camp 
furniture, including tents, which I caused to be made for the 
accommodation of the whole expedition ; and in one month 
from the day I received my commission and instructions 
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(to-wit, OD the 17 Sept.) I had reached the mouth of Rock 
river ; engaged ooe hundred and thirty-nine sub-agents and 
asaistantH ; instructed my sub-agents in such elementary 
principles of geology as were necessary to the performance of 
the duties required of them ; supplied them with simple mln- 
eralogical tests, with the application of which they were made 
acquainted ; organized twenty-four working corps, furnished 
each with skeleton maps of the townships assigned to them 
for examination and placed the whole at the points where their 
labors commenced, all along the line of the western half of the 
territory to be examined. Thence the expedition proceeded 
northward, each corps required, on the average, to overrun 
and examine thirty quarter sections daily, and to report to 
myself on fixed days at regularly appointed stations : to receive 
which reports and to examine the country in person, I crossed 
the district under examination, in an oblique direction, eleven 
times in the course of the survey. Where appearances of par- 
ticular interest presented themselves I either diverged from 
my route in order to bestow on them a more minute and 
thorough examination, or when time did not permit this I 
instructed Dr. John Locke, of Cincinnati (formerly of the 
geological corps of Ohio, and at present Prof, of Chem. in the 
Medical College of Ohio) whose valuable services I had been 
fortunate enough to engage on this expedition, to inspect these 
in my stead." 

3. The above work having been completed to the satisfac- 
tion of the department, and having demonstrated the enterprise 
and energy of Dr. Owen, he was appointed in 1847 U. S. 
Geologist and directed to make a survey of the Chippewa land 
district. The Preliminary Report made in 1848 to the Hon. 
R. M. Young, then commissioner of the land oihce, occupies 
134 8vo pp., besides presenting 323 lithographs from Dr. 
Owen's sketches, and numerous maps, diagrams, &c. 

4. The above preliminary reconnoissance was by instruc- 
tion from Washington extended to a more full survey of the 
N. W. territory, embracing chiefly Wisconsin, Iowa and Min- 
nesota, which occupied five years of field work, and a final 
year of laboratory and office work, being then continued from 
1847 to 1852 both inclusive. The full report in manuscnpt 
having been approved, Congress made a large appropriation 
for its printing and illustration in a high style of art, entrust- 
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iog Dr. Owen with the entire detail. Considerable saving waa 
made by inviting competition in the various departments of 
printing, lithographing, engraving on steel and wood. In this 
report of 63S quarto pages, besides the numerous maps, dia- 
grams, &.C., many of the iUustrations are from the original 
drawings of Dr. Owen, who had great facility in sketching. 
The wood-cuts in the body of the work, and some diagrams 
are from sketches made by his brother, Prof. Richard Owen, 
who accompanied Dr. Norwood in the survey of the north shore 
of lake Superior in 1849, taking also the barometrical and 
tbermometrical observations. The other assistants in this 
N. W. survey were Drs. Shumard and Litton of St. Louis, Col. 
C. Whittlesey of Cleveland, 0., Drs. John Evans and B. F. 
Meek of Washington, Messrs. B. C. Macy, Henry Pratton, 
George Warren and John Beale of New Harmony. Dr. Leidy 
of Philadelphia, described the mammalian and some other 
fossils. In the publication of this work Dr. Owen, for the 
first time, brought the medal-ruling style of engraving to bear 
on fossil specimens. Besides Ammonites and other figures, 
the large Inoceramus from Nebraska, medal-rUled on steel 
from the original specimen, is a magnificent illustration of the 
excellence of that style, thus applied. 

5. In April 1854 Dr. D. D. Owen was selected by governor 
Powell, of Kentucky, as state geologist and continued to occu- 
py that position for five years. He published the results of 
this survey from time to time, finally completing fbur lai^e 
8vo volumes, with maps and illustrations, the last volume 
embracing over 600 pages. In this survey and subsequently 
in that of Arkansas,Mr. E. T. Cox then of New Harmony and 
now of New York, was Dr. Owen's principal assistant. The 
chemical work and report were made by Dr. Bobt. Peter of 
Lexington, Ky. 

6. In October 1857, when nearing the completion of his 
Kentucky survey. Dr. Owen accepted the position of state 
geologist of Arkansas, tendered him by governor Conway. 
This gentleman afforded Dr. Owen every facility, and between 
them there always existed the most cordial good feeling. In 
1860 the civil war already threatened, and postal communica- 
tion between the north and south was considerably interrupted, 
when the work for the second volume of the Arkansas report 
had been about completed and Dr. Owen had died ; but gov- 
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eiDor Conway made every effort, and succeeded, in sending 
safely several thousand doUara due from the appropriatioDj 
and required for the publication of the second volume, a duty 
undertaken by Prof. Richard Owen, as administrator at the 
request of the family of Dr. D. D. Owen, he having dictated pot^ 
tions of his report up to within two or three days of his death 
and having given full instructions regarding the details of 
publication. The chemical assistant in this survey waB Dr. 
Elderborst, author of a work on the blowpipe, a former grad- 
uate of VanRensselaer Institute. Troy, N. Y. 

7. In 1859 Dr. D, D. Owen accepted the appointment, a 
second time offered him, of state geologist of Indiana, with the 
understanding that the work should he executed by his 
brother. Dr. Richard Owen, who had then, in view of the im* 
pending criaiB, resigned his professorship at Nashville, Tenn. 
The resulte of these two years' survey were embodied in a 
report comprising 368 8vo pages, with wood-cuts, diagrams, 
etc., by Dr. Richard Owen, who after his brother's decease had 
been appointed state geologist. The last of this report was 
read by him in camp, be having entered the federal service as 
lieutenant-colonel of the 16th Indiana volunteers. The 
assistants in this survey were Prof. Leo Lesquereux, for field 
examination, and Dr. Robt. Peter, for laboratory work. 

Personal characteristics, death, family left. 

A remarkably prominent feature in Dr. Owen's lifework was 
his indefatigable perseverance, even under great diffioutties. 
While on the Red river of the North with a Canadian voyageur, 
the latt«r permitted his fowling piece, used for procuring 
game, to be discharged in such a manner as to lodge a number 
of shot in Dr. Owen's shoulder. But he did not permit the 
accident to delay him an hour. Again, although he found the 
Arbansaa summer surveys, often made in the rich malarial 
bottoms, highly detrimental to health, bringing him home in 
the autumn with a hue denoting strong malarial derangement 
of the liver, he not only persevered in the surveys, but 
continued his laboratory winter work usually until midnight ; 
and, as remarked above, while suffering acutely during his 
last illness, dictated the closing portions of his Arkansas report 
until within 48 hours of his death. His skill as an artist 
enabled him, besides leaving some good portraits in oil of 
members of his family, richly to illustrate his reporta. He 



ly Google 



72 Life of David Dale Owen, M. D. 

also transmitted to London on canvas in distemper, views of 
the fossil Sigillaria found erect in situ 12 miles from 
New Harmony. These drawings and the description were 
presented by Sir Roderick Muichison at a meeting of the 
British Association for the Advancement of Science. Dt. 
Owen subsequently conducted Sir Chas. Lyell to the locality 
during his aecond visit to the United States, while Mb guest at 
New Harmony. It is worthy of note that the early surround- 
ings of Dr. Owen were calculated to promote and etrengthen 
this inherent artistic taste and skill. The scenery amid which 
he was born included, withi]^ a radius of a few miles, several 
waterfalls, yearly visited by thousands of travelers, the noted 
Cartland cragB, Wallace's cave, and other scenery introduced 
by Sir Walter Scott in some of his romances ; besides, within 
a short distance, the classical ground described in the "Lady 
of theLake,"the Trossacks, Ellen's Isle and Loch Lomond; 
with Ben Lomond not far distant, which mountain Dr. Owen 
ascended during his travels in the Highlands of Scotland ; a 
fitting preparation for subsequent ascents in Switzerland to a 
hight on several occasions of over 9,000 feet. 

Dr. Owen's amiable simplicity and integrity of purpose were 
remarkable ; his kindness and liberality noted. His fondness 
for chemistry and skill in that department induced him to 
build at a cost of $10,000 a laboratory fully equipped in every 
respect ; serving as a fine specimen of his good taste in archi- 
tecture; which was also further evinced by artistic design 
which he furnished for the Smithsonian buildings. He also 
tested great varieties of building stone, before the selection of 
material was made for that institution. 

The unrelated strain upon the physical and mental powers, 
of which the above brief statements may serve to give some 
idea, resulted in undermining an originally good constitution. 
Malarial fever complicated with rheumatic attacks, which 
threatened that great internal muscular organ the heart, ter- 
minated Dr. Owen's career of usefulness. He left a widow, 
two sons and two daughters, all of whom survive, besides 12 
grandchildren. 

Dr. Owen had enjoyed his laboratory only a year or two 
when he was called from his unremitting labors to his eternal 
rest, November 13th 1860, leaving an unsullied reputation 
for conscientious scientific work, and causing his many warm 
friends to mourn their sad bereavement. 
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Fortunately it is an easy matter to distinguish meteoric 
iron from iron which has been artificially produced, no matter 
when or by whom. If we file or grind a piece of meteoric 
iron so as to produce a smooth, or better still, a polished sur- 
face and apply to this surface a few drops of diluted hydroclo- 
ric, sulphuric or nitric acid,we shall see it covered,aB if by mag- 
ic, with extraordinary parallel lines, rods or bars, intersected 
by others under certain definite angles. They are exhibited 
almost invariably by the iron of meteorites and are known as 
Widmanstattian lines from their first discoverer. They are 
due to a crystalline structure of the iron and to the fact of its 
being nearly always alloyed with a small quantity of nickel 
{also a trace of cobalt and copper). Crystallization, 
as pointed out by Dr. Huntington,' in some respects 
may be looked upon as a purifying process. When a 
mineral crystallizes it invariably endeavors to rid it- 
self of foreign particles, which are generally present, by driv- 
ing them to the periphery where they form a zone or layer. If 
the crystallization is then interrupted and resumed again at a 
later period the expelled matter will form a zone in the crys- . 
tal, often of extreme regularity and this 'process may be re- 
peated a dozen times, so that in the sections of many crystals 
we find a series of zones of such foreign particles, each repre- 
senting the outline of the crystal at a certain period of its de- 
velopment. 

Now during the solidifioation of the meteoric iron there was 
an efi'ort as it were on the part of the pure iron to rid itself of 
the nickel by driving it in succeasive layers to the margin; 
thus we have in the meteoric irons bars of almost pure iron, 
the so-called Balkeneisen or kamacite alternating with nar- 
row seams of iron rich in nickel, the taenite or bandeisen. 

The Widmanstattian lines were already discovered in 1808 
and as early as 1816 Sommering recorded his opinion, as the 
result of careful angle-measurements, that they were due to an 

1 meteoritee" Proc. Am. Ac. 
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octahedral crystallization. Kow Id 1S48 another set of lines 
was discovered in certain meteoric irons by Neumann, especial- 
ly in the iron which fell at Braunau in Bohemia in 1847. These 
lines, which are quite difiTerent from those above described, 
were found to denote a cubical crystallization and they have 
since been known as Neumann lines. They intersect each other 
at right angles, parallel to the faces of a cube and sometimes 
are traversed by diagonal lines, indicating a twinning of the 
cube. 

TheWidmanstattianand Neumann lines have hitherto served 
as a basis for dividing the iron-meteorites into octahedral and 
cubic irons. Dr. Oliver W. Huntington however has success- 
fully shown that such a classification is neither natural nor 
fundamental and that the Widmanstattiao figures and Neu- 
mann lines are sections of planes of crystalline growth paral- 
lel to the three fundamental forms of the isometric system, 
namely the octahedron, the cube and the dodeoahedron. 

Analysis has revealed that the cubic irons are purer (lees 
alloyed with nickel, etc. ) than the octahedral ones and Tscher- 
mak especially draws attention to the fact that in the case of 
artificial irons the pure iron tends towards a cubic crystalliza- 
tion with markings like the Braunau meteorite. This can be 
strikingly observed in the so-called spiegeleisen, a variety of 
■ cast-iron. 

The element of time is of primary importance in determining 
the crystalline structure of the iron, as during a very slow pro- 
cess there would be a more complete elimination of foreign 
materials than during a rapid solidification. The action of 
the process of crystallization in eliminating impurities pro- 
duces effects with many minerals not unlike those of the Wid- 
manstattian figures, as we may see in rock-sections containing 
leucite, nosean. nepheiine, etc.' That excellent observer Dr. 
Huntington also draws attention to the mica from Chandler's 
Hollow, Delaware, in which particles of magnetic oxide of iron 
are deposited in lines, which are also sections of planes of 
crystalline growth. Plates of this mica present, in the con- ' 
figuration of their lines, a close analogy to the etched surfaces 
of octahedral meteoric irons. 

Prof. Sorby, in an article published in"Natnre"inl877(vol. 

'Vide O. W. Huntington "On the cryBtalline atractore of iron meteor- 



,y Google 



Meteorite* and What they Teach \t$.Sentcldt 75 

XT. p. 498) writes : "Theae facts clearly indicate that the Wid- 
manstatt's figuring ie the result of such a complete separation 
of the constituents, and perfect crystallization, as can only 
occur when the process takes place slowly and gradually. 
They appear to mo to show that meteoric iron was kept for a 
long time at a heat just below the point of fusion, and that we 
should be by no means justified in concluding that it was not 
previously melted. Similar principles are applicable in the 
case of the iron masses found in Disco ; and it by no means 
follows that they are meteoric, because they show the Widman- 
statt's figuring." 

Now these Greenland iron masses were discovered by Nor- _ 
denskjold in August 1870. It bad been known for a long time 
that the Esquimaux were in possession of knives and hatchets 
which they had themselves made from iron, which seemed to 
be meteoric, as it exhibited the Widmanstattian lines. These 
implements were found in such abundance among the inhabi- 
tants of the southweetern coast of Greenland as to induce the 
belief that their supply of the raw material must be very con- 
siderable, but nothing could induce the natives to reveal the 
locality. In 1870 NordeoBkjold succeeded in clearing up the 
mystery and from information which he obtained at Upernavik 
he procured guides and proceeded to the island of Disco, a lit- 
tle to the south, under Lat. 69° 19.', where he found what he 
believed to be the largest meteorite ever discovered. It was 
an iron-mass abont six feet long and nearly as broad, weighing 
no less than 42,000 pounds. Within a few yards from it lay 
another, weighing 16,000 pounds, and four or five more of les- 
ser weight, but the entire eea-ahore was also strewn with iron 
pebbles, varying from the size of a sand-grain to that of a 
cocoa-nut. Most of the larger masses presented the usual 
features of meteoric irons, in their outward appearance as well 
as their chemical constitution, for it was found that they con- 
sisted of iron alloyed with nickel and cobalt. Small wonder 
therefore that Nordenskjold and even Tschermak for a long 
time persistently adhered to the opinion that they were of cos- 
mic origin. But a careful examination of the locality by 
Steenstrup, who visited Disco in the Spring of the following 
year (1871), revealed the startling fact that these irons ate, 
without exception, terrestrial, and have been weathered out of 



,y Google 



76 Meteorites and What tTiey Teach «s. — Henaoldt. 

a huge bed of basalt, which contains metallic iron in abund- 
ance. 

Steenstrup found that at Disco, within a few hundred yards 
from the shore, the cliffs rise to a hight of 2,000 feet above the 
sea level. A basalt- breccia of dark-green color, and about 200 
feet in thickness, rests on an ancient fundamental Gneiss. 
Above the breccia lies a bed of vesicular basalt wacke, the cav- 
ities containing cabasite, mesotype, analcime and other 
zeolites and this again is covered by a basalt-sheet of enormous 
thickness, sometimes attaining one thousand feet, composed 
mainly of anorthite, augite and native iron, the latt«r often 
in nodules of considerable siie. This immense basalt stratum, 
produced by volcanic outbursts on the grandest scale during 
the miocene period can be followed along the entire western 
coast of Greenland, extending far beyond Smith's sound, over 
ten degrees of latitude, until it finally disappears under a huge 
glacier. We shall probably never know how far this gigantic 
lava stream, with its incalculable wealth of nickeliferous iron, 
stretches to the frozen North. 

About ten years ago the writer, when examining a number 
of thin sections prepared from the meteorite of Braunfels, 
which was found in Germany in 1878, made a discovery which, 
however, he did not follow up in its important bearings, on 
the origin of these cosmical bodies, as the meteoric character 
of the Braunfels specimen was not clearly established. Tsch- 
ermak and Brezina, for instance, declared the meteorite of 
Braunfels to be a pseudo-meteorite, on the ground that it 
differed bo much in its structural features from every other 
known meteorite, as to render its extra-terrestrial origin very 
doubtful. But quite recently the writer has made the same 
discovery in the meteorite of Loutalaks, a well authenticated 
meteorite, which fell in Finnland in 1813 and also in that of 
Nobleborough, Lincoln county, Maine, as well as in that of 
Bustee, which fell in India in 1852. These meteorites are of a 
brecciated character and belong to a class which has been 
called howardites by Gustav Rose. They consist of angular 
fragments of anorthite, pyroxene, etc. with little or no metallic 
iron. 

Now the writer's discovery, does not, like that of Dr. Otto 
Habn, relate to organic remains ; if it did it is doubtful 
whether he would have the courage to communicate it to the 
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world after Hahn's ludicrous fiasco. He has simply discov- 
ered fluid enclosures in the sections of at least three meteor- 
ites, minute cavltiee, filled with a Hqnid such as we find in 
abundance in terrestrial rocks. Thia may aeem a very trifling 
matter, but we shall soon see that its significance is very 
great. 

There is nothing more common in terrestrial minerals than 
little enclosures of fluid. If we prepare a thin section from 
one of the whitish quartz-pebbles to be found in every river- 
bed or gravel deposit and examine it under the microscope 
with a low magnification, we observe-the whole field crowded 
with minute dust-like particles like a sort of cloud. Now if 
we increase the magnification these dots will enlarge in pro- 
portion to the power employed till each expands into a well- 
defined cell or cavity, in the interior of which a round object 
is seen constantly moving about. These cell-like objects are 
cavities filled with a liquid and the moving body in each is a 
bubble which is perpetually altering its position. In the 
largest of the cavities the motion is barely perceptible, but in 
the smaller ones it is quite lively, the bubble^ darting rapidly 
from one side of the cell wall to the other. Now what causes 
the white appearance of the so-called milky quartz? Some 
coloring-principle, one would naturally conclude. Nothing of 
the kind ; the white color is entirely owing to the presence of 
countless millions of fluid enclosures. The cavities do not 
imprison a white liquid ; the white color is merely an optical 
phenomenon due to the reflection of the light, by the myriad 
walls of the cavities. We have exactly the same thing in snow, 
which is not white by virtue of a color ; if we melt it we get 
the clear water of which it is composed. 

Before we return to our meteorites a few observations on 
the cause of this perpetual motion may not be out of place. 
This bubble-movement has nothing to do with "Brownian" 
motion. In the latter we have minute solid particles driven 
about by molecular currents in a liquid. If, for instance, we 
dissolve a little Indian ink or gamboge in water and examine 
a drop of this under a "quarter" or "sixth" objective, we are 
startled to behold a very lively motion of the minute particles, 
a motion which never ceases till the drop has evaporated, 
and if we were to enclose it in an air-tight cell it would con- 
tinue for years, or centuries for that matter. This is Brown- 
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ian motion. Bnt the bubble-movement in oar fiuid cavities 
18 due to the eTsr-Tarying temperature of the atmoaphwe. 
The temperature of the air which aurrounda us ie never con- 
stant, although 7e can not with our coarse instrameiita per- 
ceive very email differencea. We only see the rise and fall of 
oui thermometers after changes more or leas considerable, but 
in reality there is a perpetual change of level in the quicksilver 
column. If we were to focus a high-power objective on the 
marginal level of that column we should see' it constantly 
shifting and never observe it at rest. The same effect can be 
shown with a delicate apirit-level. If a spirit-level be placed 
on a table and so adjusted that the bubble is in the center, the 
holding of one's hand in the air within a foot's distance from 
the end of the tube suffices to cause a disturbance. The 
warmth of the hand drives the bubble slowly from its position 
which it will resume when the equilibrium is restored. 

The liquid imprisoned in the cavities of quartz and other 
minerals is generally water. Sometimes this water ia strongly 
charged with chloride of sodium and in the cavities of many 
granites {notably in those of Cornwall) we frequently observe 
cubic salt-crystals floating about in the liquid. Thia would 
indicate a saturated solution which once doubtless filled the 
entire cavity, but in the course of ages some of the water 
either evaporated through the rock or a considerable lowering 
of temperature took place so that a corresponding quantity of 
the salt waa precipitated. Occasionally the liquids are hydro- 
carbons, oily, petroleum-iike substances. 

About twenty years ago Vogelsang and Geissler made the 
singular discovery that in many rocks the imprisoned fluid 
consists of carbon dioxide, liquified carbonic acid, and from 
experiments which the writer has made, he has come to the 
conclusion that the fluid contained in the cavities of the 
meteorites of Loutolaks, Noblesborough and Buetee is like- 
wise COj. On warming the meteoric sections by means of a 
wire coiled around the elide and observing the temperature on ' 
a stage-thermometer, the writer invariably found that the 
bubbles suddenly vanished when a temperature of 
about 30° G. was reached, hut returned again in cooling 
without any apparent diminution in aise or moving- 
capacity. Now betwean 30^ and 31° C. lies the eo< 
called "critical point" of caibomc acid, that is, above 
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this temperature carbonic acid can not exist in its liquid con- 
ditioQ, however great the pressure may be to which it is 
exposed. This is in accordance with an interesting law the 
existence of which has been proved beyond any doubt by 
recent investigation. After certain temperatures ere reached 
liquids enter into the gaseous state, no matter what the pres- 
sare may be. The temperature under which a certain liquid 
is DO longer able to retain its characteristic features, but 
transforms itself into a gas, has been called by Prof. Andrews, 
of Belfast, its "critical point" and from experiments made by 
him it has been convincingly shown that it is not possible to 
maintain the liquid condition of G0| at an}' temperature 
beyond 30° 92' C. In all the cavities contained in these 
meteoric sections which have come under the writer's obser* 
vation the bubbles suddenly vanished at a temperature of 
from 30° to 31° C, sometimes even exhibiting that peculiar 
phenomenon of ebullition to which Mr. Noel Hartley, more 
than ten years ago, already drew attention. Now if the 
enclosed fluids had been water the bubbles would not have 
shown the least indication of a change at this temperature. 
The writer heated a section of quartz, the cavities in which he 
knew to contain water, to the boiling point without detecting 
the smallest effect on the bubbles. 

Among the many chemical tests which have been resorted to 
in order to determine the presence of carbonic acid in mineral 
cavities we will only mention that of Vogelsang and Geissler, 
of Bonn, who crushed rock-cryetals in which cavities occurred 
which they suspected to contain liquified CO,, under baryta 
water, and obBer\'ed that the latter became turbid, owing to 
the formation of carbonate of baryta. 

Now, taking for granted that the fluid material contained in 
the cavities of these meteorites, is really carbonic acid, which 
we may safely do, as it presents no points of analogy to any 
other known substance, and that the bubbles, which move so 
restlessly about in their tiny prisons are the same substance 
in its ga^ous condition ; what do these facte teach us respect- 
ing the circumstances under which the meteoric masses were 
originally formed? 

Carbonic acid is a gae which can only be reduced to the 
condition of a liquid by extreme presenre. It requires a pree> 
sure of no less than 65 atmospheres to condense CO*, which is 
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equivalent to a column of water 2,000 feet high or a rock- 
stratum of about 700 feetthickncBB, Wherever we find en- 
closures of liquid carbon dioxide in terrestrial rocks — and we 
find ttfem frequently — we may take it for granted that the 
formation of those rocks took place deep in the earth's crust 
under the gigantic weight of superincumbent masses. Gavi- 
tiea containing COi often occur in basalts and other so-called 
"basic" lavas, which are known to be derived from deep-seat- 
ed reservoirs beneath volcanoes, whore besides the weight of 
tremendous rook-maases above we have the compressing force 
of great quantities of elastic vapor held in confinement, while 
in the so-called acid lava8(lavas rich in silica)ofwhich there is 
very conclusive evidence that they are formed at no such very 
great depths, the presence of liquified COi is extremely rare. 
The fact that these cavities are often contained in the quartz of 
granites may be regarded as a most important evidence that 
the granites have been formed deep in the earth's crust, under 
conditions of enormous pressure and we never find this liquid 
in sedimentary strata or any other materials which are unlike- 
ly to have been exposed to extreme pressure during their for- 
mation. 

But how about extra-terrestrial rock-masses? How about 
meteorites in which we find liquified carbonic acid in millions 
of minutes cavities? Could they have originated under circupQ- 
stances totally different from those which prevail on this 
globe? Could the COi in them have been condensed to a hquid 
without extreme pressure? Certainly not; this would be little 
short of a miracle and as we cannot conceive the possibility 
of such a great pressure in a meteorite, weighing only a few 
pounds, we are driven to the conclusion that those bodies at 
one time of their history, existed in the interior of mightier 
masses, planets perhaps, of which they are the fragments. 

Ithaa,aB weknow,been ascertained by the means of thespec- 
roecope that the fixed stars are for the greatest part composed 
of elements identical with those which prevail on this globe 
and that most of the planets that are within our obflervation 
are composed of materials very similar to those which consti- 
tute the earth we have strong grounds for believing. Then we 
know that the sun's temperature is so enormous that all the 
DOD-metallic elements and many of the metallics are in a con- 
dition of vapor and the rest of the metals in a state of fiery 
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liquid, and that probably all the fixed stars are similar masBee 
in different stages of cooling. We furthermore find traces of 
mighty igneous action on those planets which are nearest to 
our observation, for instance the moon, which is covered in 
many parts of its surface with volcanoes on the grandest scale 
(now, as it aeeras, extinct for ever) and our own earth yet dis- 
plays mighty volcanic forces which seem to have been grander 
still in the past. 

What, therefore, can there be improbable in the supposition 
that among the myriads of those fiery drops or half cooled 
orbs, but in whose interiors mighty volcanic elements still are 
busy, one should explode now and then and people the universe 
with its fragments- We have evidence to prove that in past 
periods of the earth's history the explosive force of vapors 
held in confinement has been great enough to blow away 
mountains ten miles in diameter, leaving chasms which are 
now, in many instances filled by lakes. On the island of Ti- 
mor, for instance, an active volcano, which was visible from a 
distance of 300 miles at sea, was blown away during a terrific 
eruption, and the circular lakes of Italy, Aavergne, the Eifel, 
etc., mark the sites of ancient volcanoes. The remarkable 
ring-mounds which we observe on the moon have in the writ- 
er's opinion, originated in the same manner and tell a tale of 
explosions so stupendous and terrible that the mind can bare- 
ly conceive it. What eruptive forces have been able to achieve 
on this globe even a few years ago is shown by the occurrences 
on the island of Java and during the still greater eruption 
of Papandayang in 1772 more than half the mountain was 
blown away, it was in one single night reduced in height from 
9000 to 5000 feet. 

That heavenly bodies, such as planets, should be capable of 
exploding seems not only possible but extremely probable. If 
in the interior of our own planet the force of vapors held in 
confinement has been great enough to transplant gigantic 
mountains and to effect the most appalling changes in the as- 
pect of jrfae surface, there is nothing illogical in the conclusion 
that vast acoumulations of gases may lead to the scattering 
of whoIe-worlds or that the violence of explosion may ruin 
them partly, hurling fragments far enough to place them be- 
yond the attraction of the remaining wrecks. On such stu- 
pendous explosions taking place it is almost certain that great 
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numberB of fragments TCould bo sent through space in similar 
directions, forniing swarms which, on coming within the at- 
traction of some great body, would take definite courses, while 
many others would be so directed as to diverge the further 
they move, till each pursues a solitary path. The magnificent 
showers of so-called shooting-stars, have been proved to be 
caused by the passage of the earth through such bands of trav- 
elling bodies, and even comets have now been identified with 
streams of planetary bodies of minute size, moving in regular 
orbits through our system. 

Now as it is extremely probable that many meteorites are 
fragments of the celestial bodies vastly mightier than them- 
selves, their closer examination leads us to the conclusion 
that at least gonie are derived from planets very similar to, if 
not identical in composition with our globe, and that they 
come from the interiors of those masses and are the resultants 
of explosion. If we examine those minerals which most fre- 
quently occur in meteorites, we are startled to observe that 
they are almost without exception those which constitute the 
basic lavas, viz. : those volcanic rocks which, as we have al- 
ready pointed out, are derived from the deepest seated igneous 
reservoirs in the crusts of our planets. Olivine, enstatite, au- 
gite, anorthite, magnetite and chromite are most frequently 
contained in meteorites and these are the very minerals ' of 
which the basic and ultra-basic lavas almost exclusively con- 
sist. Masses bearing the most striking resemblance to me- 
teorites are sometimes ejected from volcanic vents in the 
shape of so-called volcanic bombs and even metallic iron has 
now been discovered in the most basic of all known terrestrial 
lavas, viz ; the Ovifak basalt, iron alloyed even with two other 
metals, nickel and cobalt, which form so characteristic a fea- 
ture in the iron of meteoric origin. 

We know comparatively little of the interior of our planet, 
being only acquainted with a very insignificant portion of ita 
crust and even the basic lavas, which in all probability repre- 
sent the deepest known regions of that crust, furnish us with 
but very scanty information respecting the nature of the 
vastnesses beneath. But though we shall probably never be 
able to ascertain the condition of the interior of the earth 
by direct observation we are in the position to say that the 
masses forming the bulk of this interior must be quite difTer- 
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ent from those which constitute the crust. It has beeu estab- 
lished that the average density of the earth is a little over &j ; 
in other words the earth weighs 5^ times as much as a globe 
of the same size composed of water, but that the specific grav- 
ity of the kuown crust, viz., the average weight of the rocks, 
minerals, etc., with which we are acquainted is less than 2^. 
We are thus driven to the conclusion that the interior of the 
globe is composed of substances having more than twice the 
density of those which we find at the surface. 

Now it seems to the writer that in the meteorites which 
have from time to time fallen upon the earth's surface we 
have been provided with a most important collection of 
objects on which to study the character of its interior. Being 
the fragments of other planets they confirm in a remarkable 
manner those general conclusions which we have beenenabled to 
draw from undisputed facts respecting the interior of the 
globe. The density of by far the greatest number of them 
wonderfully coincides with that of the greater portion of the 
globe. It has often been pointed out that the interior of the 
earth is in all probability a vast metallic mass consisting 
mainly of iron, and among the meteorites we have a great 
preponderance of iron-masses, while the different classes of 
meteoric, with exception of the chondrites (which beyond 
doubt have resulted from the accumulation of cosmic parti- 
cles) represent a variety of lesser depths, those which are of 
an essentially stony character being delivered from portions 
of the cinst. 

It has been the writer's endeavor in the above to give a brief 
outline of what has been accomplished in recent years by 
those devoted to the study of meteorites. Much of what he 
has stated will be nothing new to those who may be acquainted 
with the existing literature on meteorites and who have kept 
pace with the progress of recent inquiry. But it would gratify 
him if his efforts have awakened more than a passing interest 
in others, if he should have succeeded in showing that the 
study of meteorites has an importance far beyond that which 
they have hitherto attributed to it ; that it is of importance 
alike to the physicist, astronomer and philosopher ; that with- 
out it no rational conception of the constitution of this uni- 
verse is possible and that even now no progressive geologist, 
mineralogist, chemist or teacher of natural history — in short 
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no one who pretends to a scientific education — can afford to 
ig:nore it. 

NOTES ON THE ORE-DEPOSIT OP THE TREADWELL 

MINE, ALASKA. 

py GiOBOB H, DAWgoH, D. 3.. F. Q. S. 

AMtstantDtrecWc 0«olaelcat Burrerol Canada. Beadbetore tiw Royal Society of 

CaiMda,UByBth, 1889. 

The Treadwell mine, situated on Douglas island, Alaska, is 
a somewhat remarkable ore-deposit, and has of late years he- 
come prominent as a producer of gold. I am not aware that 
any systematic description of the character of this deposit has 
yet been published, and this circumstance may render the fol- 
lowing notes on its mode of occurrence of interest, while the 
microscopical examination of the gold -producing rock by Mr. 
F, D. Adams, throws further light on the character of the de- 
posit. My examination of the mine itself was made, by the 
kind permission of Mr. Treadwell, while I was on my way 
back from the Yukon District in the autumn of 1887. 

Attention was first drawn to this deposit, by the discovery 
of gold-placere, which were worked for several years previous 
to the finding of the ore, and in a few cases were found to pay 
well. The gold of the placers was fine, but rough and unworn 
in character. The placers occurred on the surface of the ore- 
mass itself and on the rather steep slopes running down from 
its outcrop to the shore, and must have been produced by the 
natural decay of the ore subsequent to the glacial period, as 
they were found to He above the boulder-clay, which fills many 
of the hollows and rests directly on the rock wherever it oc- 
curs. It may be noted here in passing, that Mr. Treadwell in- 
formed me that barnacles and various marine shells had been 
found still adhering to the surface of the rock, in places from 
which the clay had been excavated, up to a hight of 150 feet 
above the present sea-level. 

The ore-mass, which has been extensively exposed by strip- 
ping and proved as well by several drifts, has a thickness of 
about 400 feet. Its length, or at least the length of that part 
of it which will pay for working, is not accurately ascertained 
but must be considerable. It runs in a general northwesterly di- 
rection,parallel to the shore of the eastern side of Douglas i^and 
and is bounded to the northeast and southwest by dark, rather 
slaty argillites, which, from analogy with similar rocks which 
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I have examiQed on the coaat of British Columbia, to the 
southward, may very probably be of Triasslc age and tefeiable 
to the Vancouver series of the reports of the geological survey of 
Canada.' Onthenortheast side, in the immediate vicinity of the 
Treadwell mine, the ore-masH is bounded by a zone about sev- 
enty feet in thickness of greenish schistose slate, but it is un- 
certain whether this zone owes its character to peculiar alter- 
ation, or to a difierence in original composition, as the slaty 
rocks as a whole, do not show any marked degree of altera- 
tion in the vicinity of the ore. A slate 'horse,' more or less 
completely siliciSed, is passed through in one place in the 
main working drift, but its character as a portion of the.coun- 
try rock is still clearly apparent. The argillites or slaty rocks 
are often found to be Hexed and tilted at high angles along 
this part of the coast, and it is probable that the main period 
of elevation of the coast ranges has been subsequent to that of 
their deposition. 

The ore itself presents none of the characters of that of an 
ordinary lode or vein, being without any parallel banding or 
arrangement of its constituent minerals, and showing no such 
coarse crystalline structure as a lode of larger dimensions 
might be expected to exhibit. It is, on the contrary, a nearly 
homogeneous crystalline mass, of medium grain, and pale 
grey in color, evidently consisting principally of quartz and 
white feldspar with a little calcite, and specked throughout with 
small cubical crystals of iron pyrites. The quartz, however, 
as well as the calcite and pyrites, may occasionally be found 
traversing the mass in small irregular vein lets and stringers, 
and the p3^ites in some instances forms little distinct aggre- 
gations or bunches. 

A clue to the true nature and origin of this deposit, (other- 
wise of a somewhat enigmatical character)appears to be alTord- 
ed by the existence in it, in some places, of kernels of a dis- 
tinctly granitoid appearance. Some of these were observed 
to be six inches in diameter, and portions of others were found 
which may have had a diameter of several feet. The material 
of these kernels — which around their edges blend imperceptibly 
with the main mass, — is similar in size of grain to that of the 
ore-mass itself, but includes little or no pyrites. It is harder 
and less evidently decomposed, often greenish in tint from the 

'See Annual Report Oeo. Sur., Can., 1886. p. 10 B. 
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development in it of chloritic minerale or reddish, and, micro- 
scopically examined, shows two feldspars with some quartz. In 
genera] aspect it in fact resembles the varieties of fi«e grained 
granite which are frequently met with near the junction of an 
ordinary granite with other older rocks through which it has 
broken. 

The impression formed from such examination of this 
remarkable deposit bm I was able to make is, in fact, that it 
represents the upper portion, or "feather edge" of a granitic 
intrusion, probably contemporaneous and connected with the 
characteristic granites of the neighboring Coast Ranges, but 
which, owing to peculiar conditions, has become decomposed 
and siiicified by solfataric or hydrothermal action, to which 
the concentration of gold in it and the deposition of pyrites, 
are also due. To what extent the presence of gold may 
depend on the occurrence of the adjacent slaty argillites 
(elsewhere known to contain auriferous quartz-veins) it is im- 
possible to say, but it appears not improbable that the deeper 
portions of these rocks may, under the action of such heated 
solvent waters, have afforded both the gold and the pyrites. 
It is conceivable that the hydrothermal action which has 
affected this part of the original granitic magma may have 
been due to the water included by the mass itself while in a state 
of "aqueo-igneous" or "granitic" fusion, the escape of such 
water through the substance of the upper part of the intrusive 
mass being rendered possible by the relief from pressure con- 
sequent on the approach of the intrusion to the actual surface. 
It may, however, perhaps with greater probability, be supposed 
that the water included in the adjacent sedimentary deposits, 
became vaporized by the heat of the intrusive mass, and 
found its way to the surface in the form of steam through the 
substance of that mass. It will be noticed that Mr. Adams finds 
evidence in the microscopical character of the rock of much 
crushing and fracture, so that in any case it must have afford- 
ed a convenient channel for the' passage of heated waters or 
steam, and this appears to have been one of the more impor- 
tant circumstances leading to its mineralization. 

The slaty rocks themselves in the vicinity of the ore-deposit 
are traversed by numerous small veins of quartz ; and at the 
distance of a few miles (on the mainland opposite Douglaa 
island in "Silver Bow Basin") similar slaty rocks are found 
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to be cut by quartz-veias of greater width, which hold visible 
gold. The aseociatioa of metalliferous quartz-veins with 
masses of granite or other intrnsive rocks traversing sedimen- 
tary deposits is a fact of general observation. Had the higher 
portions of the rocks, which may at one time have completely 
covered this particular granitoid intrusion, remained, it might 
be anticipated that it would be found to pass upward into one 
or more ordinary auriferous quartz-veins, these filling fissures 
through which the heated waters ultimately reached the then 
surface. In depth the present ore-mass should be found, on 
the other hand, to pass gradually into ordinary unaltered 
granite. Many cases of course occur in which intrusive masses 
have led to the formation of metalliferous veins without pro- 
ducing extensive low-grade metalliferous deposits of an inter- 
mediate character, such as the one here naturally exposed by 
subsequent processes of denudation appears to be. This 
deposit therefore affords an interesting example of the manner 
in which intrusive masses may directly give rise to ordinary 
metalliferous veins. 

The quantity of gold contained in the ore of the Treadwell 
mine is small. Though not informed as to the actual yield, I 
believe it to be on the average less than $10 to the ton. The 
ore is, however, easily and cheaply obtained by work resem- 
bling quarrying rather than mining, and can in consequence 
be profitably worked on a large scale. It is not intended here 
to enter into particulars as to the mode of working, but it may 
be Slated that at the time of my visit 120 stamps were con- 
stantly employed, and that since that date this has been 
increased to 240, the quantity of ore milled daily being now 
reported at from 500 to 600 tons, A considerable proportion 
of the gold is "free" and this is saved on amalgamated plates. 
The remainder is contained in the iron pyrites, which is sepa- 
rated by Frue Vanners. The pyrites was then formerly 
roasted in revolving cylinders, but these were being replaced 
at the time of my visit by continuous automatic furnaces sim- 
ilar to those employed in sulphuric acid works. The gold is 
dissolved from the roasted product by chlorine gas, and pre- 
cipitated by sulphate of iron. 

As the geological conditions are very similar along the west 
coast all the way from Lynn canal to the strait of Fuca, it 
appears highly probable that other deposits of a similar char- 
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acter to that here described remain to be discovered. With 
the facts developed in connection with this mine in view it 
would appear to be well worth while to subject to examination 
and assay all pyritous granitoid rocks in contact with or pen- 
etrating the sedimentary formations, and in particular those 
which may be found to traverse the slaty arglUites of the for- 
mation above referred to as the Vancouver series. 



ON THE MICROSCOPICAL CHARACTER OF THE ORE OF 

-THE TREADWELL MINE, ALASKA. 

Bv Pbank D. Adams, or the Geological Survey of Canada. 

(ReaU belora the Roral Society ol Canada, Uajr Sth, 1889.) 

The material employed in this examination consiated of several 
small epecimene kindl}r placed at my disposal by Dr. Geo. M. Dawson 
who collected them at the Treadwell mine in I8ST, together witli two 
collected by Mr. E. G. McConnell, ot this survey, who visited the mine 
when retorning from the Yukon country last autumn. 

The ore is a more or less altered granite, rather coarse in grain and 
of a light grey color. As mentioned by Dr. Dawson in the previous 
paper it encloses "kernels" often greenish in color and distinctly 
granitoid in appearance, having a diameter of from six inches to sev- 
eral feet. These are of the same grain as the rest of the mass, but are 
harder and less evidently decomposed, and pass rather sharply but 
imperceptibly into the ordinary grey granite. As these represent the 
granite in its least altered form they will be described first. 

The KerneU.—On% of the hand specimens shows a portion of one of 
these "ibfrneCi" which is seen to differ from the ordinary granite in two 
particulars : lat, in being light reddish in color Instead of grey ; 2d, in be- 
ing free from quartz-veins and holding but little pyrite. When a thin 
section is held against a dark background it is seen to he made up of 
numerous rather large translucent crystals or individuals closely 
packed together, but separated by narrow, transparent, intermediate 
lines. Under the microscope these translucent crystals are seen to be 
feldspar a good deal decomposed (which accounts tor the opacity) while 
the intervening spaces are found to lie in part grains of quartz or of 
brolcen feldspar and in part the edges of feldspar crystals, which ate 
often much freer from decomposition products than their central 
portions. 

Most of the feldspar is untwinned and is referred to orthoclase. 
A much smaller amount, however, shows polysynthetic twinning, in a 
few cases two sets crossing at right angles, and is therefore plagioclase. 
In one of the sections a few large grains ehowingperthiticintergrowtha 
were seen. Both feldspars often possess a marked zonal structure, 
caused or accentuated by the accumulation of decomposition products 
along certain concentric lines. Although many of the feldspar indi- 
viduals eitinguish simultaneously over their whcrfe extent many 
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others show the peculiar mottled extinction produced bjr pressure, 
while others &g«in are distinctly seen to be ia the act of brealcing up 
into a mass of small grains. Both feldspars also, although having 
more or less perfect crTstalline forms, are almost iaTsriably brokea 
into little grains around their edges which gives them a somewhat 
rounded contour, the edges being often highly serrated. In addition 
to these feldspars the rock contains quartz, hornblende, epidote, 
ilmenite, sphene ( 7), apatite, hematite, calcite, chlorite and pyrite. 

The quart! is present in rather small amount and lies chiefly in 
comers or between the large feldnpar individuals. It ie uniaxial and 
positive and shows an uneven extinction. Judging from its mode of 
occurrence it is in great part at least a primary constituent of the rock. 
The hornblende occurs only in very email amount and is not seen in all 
sections. It is pleochroic in light green and light yellowish green tints 
and is withont good crystalline form, being somewhat fibrous in char- 
acter, the extinction making an angle with the cleavage, for which the 
highest value observed wae 17°. The epidote is present in small quan- 
tity, in irregularly shaped grains, or aggregates of grains, often asso- 
ciated with the hornblende. It shows the characteristic pleochroism 
and is probably secondary in every case. Primary epidote does how- 
ever occur in a similar, but unaltered mats of biotite granite, whicb is 
erupted through rocks of the same series as those cut by this granite 
on Wrangell island, Alaskft. (See appendix 5 B, Annual Report of 
the Geological Survey of Canada, 1887). A small amount of ilmenite 
OT titaniferous iron ore is also found in the sections. It is opaque and 
black, sometimes having a slight reddish tinge by refiected light. In 
one case a few small grains were seen imbedded in broken feldspar. 
Each grain had been broken into several pieces which lay close to one 
another and were cemented together by a greyish material resembling 
leucoxene, which is frequently observed associated with the iron ore 
in this rock. A few little flecks of hematite are seen as inclusions in 
the feldspar. The sphene and apatite are present in small amount, 
th« latter being in rather short and stout crystals. 

In addition to these minerals the rock contains remains of some 
mineral now replaced by aggregates of decompoution products which 
frequently present rather perfect oblong outlines as if the original 
mineral had possessed a pretty good crystalline form. The principal 
constituent in these aggregates is calcite, which occurs in grains having 
the peculiar silvery white color usually exhibited by this mineral 
between crossed Nicoln. Aseociateil with it is chlorite, epidote, and 
often very small amounts of quartz, pyrite, and ilmenite or magnetite. 
In one of these masses (t grain of light green somewhat Qbrous bom- 
blende was found flUed with calcite grains andassociated with epidote, 
chlorite and hematite. The mass appears originally to have been alt 
hornblende, of which theseother minerals are decomposition products, 
in fact all these aggregates probably represent original hornblende 
grains, chlorite, quarts, calcite and epidote being the minerals into 
which the hornblende of granites usually splits up in decomposing. 
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The examination of the "kemelB" therefore shovs that they are 
composed of a conaiderablj cmshed and altered granite, probably 
belonging to the clasa of hornblende granites. 

The Ordinary OraniU — The grey granite which constitnteB the maaa 
of theTockandenoloses theibemcl(,in the haodapecimenshowa no per- 
ceptible foliation and ie impregnated with pjrite and qnarti, the UUer 
occurring also in the form of little veins traversing the rock in variooa 
directions. The qnantit; of these minerals present however varies 
considerably in the different specimens. When examined under the 
microscope the rockisfoond to be composed of orthoclase, plagioclase, 
qaartz, calcite, pyrite, with in some cases a very small amount of 
tdtaniferous iron ore and of some zeolite. Hornblende, chlorite, 
epidote and the other accessory minerals above mentioned were not 
fonnd in any of the sections. 

Aa in the case of the "kemela" the rock exhibits a very distinct 
cataclaatic structure, induced apparently by crushing, but the crush- 
ing has gone much further in some cases than in others. Both 
feldspars are more or less decomposed and show mechanical deforma- 
tion, the twin lines of the plagioclaee being often bent and the crystals 
fractured and faulted tranaversely, and often preeentinK an appear- 
ance of having been shoved into one another. The individuals of both 
feldspars are usually surrounded by borders of broken grains from 
which arms of similar broken material frequently extend into the 
unbroken grains. In many other cases when the feldspars are exam- 
ined between crossed Nicole they can be seen to be in the act of fall- 
ing apart into a number of grains similar to those constituting the 
above mentioned borders. The orthoclase ie present in larger amount 
than the plagiociase but as in the case of the "kerneU" the latter 
mineral is as a general rule rather better crystallised than the former. 

Whether any of the quarts was an original constituent is a question 
which it is impossible to determine. A lai^e amount of this mineral 
however is always present and most of it is of secondary origin, occui^ 
ring in the rock in veins or in irregnlarly shaped masses. Small veins 
are found in all the specimena and are often seen sending off lateral 
anna into the rock. The qnorU is clear and colorleaa and often con- 
tains lines of minttte cavities. It is usually in large individuals, 
which although occasionally, especially in the narrow portions of the 
veins, show an uneven extinction, generally extinguish simultaneously 
over their whole extent. A considerable length of the vein ie often 
composed of a single individual. The edges of the veins agunst the 
rock are well defined and the component grains come together along 
sharp lines without any of the interstitial broken material. Calcite 
often occurs associated with the quartz aometimes filling a portion 
of the aame vein. In some cases it even preponderates over the 
quarts, forming the principal constituent of tbe vein. The quarts 
with its asBociated calcite is also seen in some aectiona in irregularly 
shaped maases, which, though pretty aharply defined against the 
more or less decomposed rock, at other times occur ao that it is impos- 
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sible to determine their exact; limits owing to ui impregnatioa of the 
rock aboat thetr edges, with the mineralB of the vein. In these veins 
and mUBea both minersla occnr in large grains. Ver; irregular- 
■haped masses of the cftlcite, also clearly secondary and often 
associated with pyrite are also found, especially in the crushed 
and broken portions of the rock. As before it occurs in large 
grains, frequently enclosing little bunches of a. block, rod-like mineral. 
Little isolated cryetals of calcite also occur in a aimilar manner. The 
calcite does not occupy cavities into which the other minerals have 
crystallized but seems to have eaten its way into the feldspar, in some 
caeea showing crystalline bonndariea in tbe substance of the latter. 
Pyrite is present in considerable amount and is generally found well 
crystalliied in little cubes. It occurs almost invariably in tbe croehed 
and broken portions of the rock and is very frequently associated with 
the calcite. In one slide, reproduced in Figure I, a mass of pyrite was 
observed enclosing a fragment of orthoclase, evidently a corner broken 
off from a lai^e individual adjacent to it and uM icAic/i i(« orientation 
wot identical. In the figure the clear spaces show unbroken fragments 
of orthoclase separated by broken material, the result of crushing. A 
number of these small grains near tbe top of the cut, which are bound- 
ed by a somewhat heavier line, show one of the large fragments in the 
act of falling to pieces, a phenomenon which can be observed in most 
of the slides, when they are revolved between crossed Nicole. A num- 
ber of little cubes of 
pyrite are seen in the 
broken portion. After 
tbe corner of tbe large 
orthoclase individual 
had been broken off, 
tbe pyrite was evident- 
ly deposited :" 
crock and around thel^ 
detached fragment. f 
The other little white y. 

rite mass represent lit- 
tle inclosures of quartz. 
These facts together 
with the occurrence of 
the pyrite almost ex- 
clusively in the crush- 
ed portions of the rock 

clearly prove the sec- Fiotiasl. 

on d a r y char 
this mineral. 

As it was a point of much interest to ascertain if possible tbe man- 
ner in which the gold occurred in the rock, the sections, twelve in 
number, representing five hand specimens very carefully examined 
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and at distances varying from one to three mUlimeterB, more 
prominent single ridgea give character to the external stem. 
By means of a pocket magnifier a third set of very delicate, 
closely a^roximated wrinkles may he distinctly seen. 

Adult corallites average five or six milUmeterB in diameter, 
are somewhat loosely and irregularly set, usually less than a 
diameter apart and occasionally coalescing for a short dis- 
tance. The nature of the calyx is 
unknown. The number of septa 
is quite regularly 44 ; aTternately 
longer and shorter. The longer are 
somewhat flexuous, as seenincrose 
section, and extend about two- 
thirds of the distance from the outer wall to the center, rarely 
reaching it. The shorter septa extend about one-fourth of this 
distance and are intersected near their centers by a thin hut 
very distinct inner wall, at a distance of from .5 to .75 of a 
millimeter from the outer. This second wall is as thick and 
as well defined as the outer, and is separated from it by a single 
row of vesicles, shown in the longitudinal section ; these vesi- 
cles averaging .4 of a millimeter in bight. This arrangement, 
of course, gives no trace of dissepiments in cross section 
except where double vesicles intervene seemingly by accident. 
The inner area is occupied by a series of laterally depressed 
tabulte ; about fifteen in the space of ten millimeters, termi- 
nating at the inner wall. These are somewhat irregular, but 
nearly horizontal and fiat at the center ; sometimes uniting 
with each other before reaching the inner wall. In regard to 
the nature of this second wall there can be no doubt it exists 
in all the stems, distinctly defined; a continuous p&rtition 
separating the vesicular from the tabular area. 

In growth, size and in the number of septa this specimen is 
identical with Eridophyllum gimco^nse Billings, or what Dr. 
Rominger prefers to call Diphyphyllum aimcoSnae. In the 
original description of this species Billings makes no mention 
of a second wall, and Rominger asserts that none exists. 
However, in specimens identified by the latter as aimcosnse 
and now in the museum of the University of Michigan, iden- 
tically the same structure is seen in the beat preserved stems, 
and in others traces of the same inner wall frequently occur, 
even in the specimea the photograph of which is given in 
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plate zliVi, fig. 4, io hie "Fossil Corale of Michigan." I am in- 
clined to believe that this fossil is what was described by 
BilliagB aa Eridophyllum simcoSnse and that its excellent 
preeervation diecloBes features not before ascribed to that 
species. This point can be settled if geologists will carefully 
examine their best preserved specimens. 

Meek has described, from the Devonian of Nevada, in vol. 
IV of the "U. S. Geol. Exploring Expedition of the Fortieth 
Parallel," page 29, a specimen to which this ie very closely 
related and to which he gives the name Diphypkyllum faad- 
eulMTn. This haa a similarly placed inner wall, separated from 
the outer by a single row of vesicles, and corresponds in its 
growth, size and number of septa. It differs, however, ia hav- 
ing the shorter septa thinner than the others, and in having 
them generally terminate at the inner wall. In the specimen 
here described no such difference in the thickness can be 
detected, and the shorter septa never so terminate, but extend 
into the tabular area. There would also seem to be a minor 
difference in the arrangement of the tabulee, 

Oeological laboratory University of Michigan, May 17, '89. 

IRON BUTTE, MONTANA — SOME PRELIMINARY NOTES. 

Br 8. CiLVW. 

Near Olendive, Montana, occur some excellent examples of 
that peculiar topographic sculpturing which is known as "bad 
lands." Bad lands they certainly are from any ordinary 
point of view, and they extend along on the south aide of the 
Yellowstone river for a distance of twelve or fourteen miles. 
The width of the area measured at right angles to the direction 
of the river is not very great. Drainage valleys cutting through 
them nearly at right angles divide the bad lands into more 
or less perfectly defined masses, that, notwithstanding 
their sculptured ridges and pinnacles and Y-shaped 
ravines, rise somewhat prominently above the river and the 
secondary valleys. These several masses are known as buttes, 
and each has its specific designation. 

About ten miles up the Yellowstone westward from Glen- 
dive comes Iron Butte, separated &om its neighboring buttes 
by the valley of Sand creek on the east and Cedar creek on the 
west. Iron Butte is about as high as either of its fantastically 
carved neighbors, but geologically it belongs to a much lower 
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horizon. Cross either valley, to the east or west, and you find 
the biittes carved in the sandstones arid shales of the Tertiary, 
while Iron Butte ia made up wholly of deposits belonging 
to the Ft. Pierre or Fox Hills group of the Cretaceous. 

On the west side of Cedar creek the Tertiary strata dip at 
quite a high angle to the westward ; to the east of Sand creek 
they are very nearly horizontal. A strong fold in the strata 
giving the sharp dip toward the west, with probably a slight 
fault aloni; Sand creek valley would account for the interest- 
ing relations of the Cretaceous deposits exhibited at Iron 
Butte. 

The fossils of Iron Butte are especially interesting on account 
of the fact that species elsewhere characteristic of the Ft, 
Pierre and Fox Hills groups respectively are here commingled 
in such a way as to indicate that both faunas lived together 
on amicable terms and were perfectly at home in the Creta- 
ceous seas occupying that particular region. Professor Meek 
in his great work on "Invertebrate Paleontology," Gov't Prinfi- 
ing office, 1876, refers frequently to a locality on the "Yellow- 
stone river, one hundred and fifty miles from its mouth, where 
it (the species he is describing) occurs in beds containing a 
blending of the fossils of the Ft. Pierre and Fox Hills groups 
of the upper Missouri Cretaceous series." All the species thus 
described by Meek occur at Iron Butte, and as the distance by 
river is about one hundred and fifty miles from the mouth of 
the Yellowstone, there is reason to believe that Iron Butte is 
indeed the locality from which Meek's specimens were obtained. 
Geologists may be interested in having this somewhat remark- 
able exposure more definitely located than was possible at the' 
time Meek wrote. 

The fossils at Iron Butte are not distributed generally 
through the deposits, but occur in hard, irregularly shaped 
concretionary masses that break with a splintery fracture into 
sharp angular fragments. These concretions may he from a 
fewinches to several feet in diameter. Sometimes they seem 
to be disposed in layers, but very frequently it is impossible 
to discover any order of arrangement. 

Two or more distinct assemblages of fossils occur at Iron 
Butte, but the matter needs further investigation. For exam- 
ple the Scaphitet nodosua var. plenus and the S, nodoaru var. 
qvadranffxtlaris do not occur together. Moreover each variety 
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has its own particular asBociKtes. Just what these asaocidtes 
are in every case and what the relative position of the plenua 
to the ^o^ran^MZaT-ia beds, could not be determined during 
the brief visit paid to the locality by the writer. 
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ON CERTAIN CAMPTONITE DIKES NEAR WHITEHALL, 
WASHINGTON COUNTY, N. Y. 

Bv J. F. KBHP iBD V. F. Mahvtibs. 

Our attention has recently been directed to the occurrence 
of dikes of eruptive rock near the state line between New York 
and Vermont, and nearly due east of Whitehall, N. Y. Mt. 
Ira Sayles, of the United States Geological Survey, came upon 
them while in the field under the direction of Mr. C. D, Wal- 
cott, and the past summer brought them to our notice. The 
field work necessary to the preparation of this paper was done 
by Mr. Marsters, and the rocks were then worked up in the 
laboratory by both the writers. Special interest attaches to 
these dikes,for the 
reason that no 
mention has been 
made, so far as we 
know, of eruptive 
rocks in this vi- 
cinity, although 
they are known 
somefiftymilesor 
moretothenorth. 
On the accom- 
panying map the 
dikes are repre- 
sented by two 
lines intersecting 
each other like a 
capital Y, in the 
Georgia slates 
just southwest of 
the Poultney riv- 
er. The general 
geology of the 
neighborhood, as 
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shown by CD. Walcott', consistsof PrecambriaD strata west 
of lake Champlain, then to the east a band of Hudson 
River elates, then the Trenton, Chazy, <fec,, limeatones, 
and lastly the Georgia slates, which contain the dikes. 
These slaty rocks are considerably distorted and folded, and 
in comparatively short distances vary in dip from 20° to 35° 
In the vicinity of the dikes they are decidedly calcareous, and 
for considerable distances on either side are very much broken 
and seamed with veins of calcite. As compared with the over- 
lying band of roofing slates to the east, they are somewhat 
softer, and a lighter gray in color. One dike strikes N. 40° E. 
the other N/80° E. They vary from 3 to 4 feet in width. 
Macroscopically they are dark gray in color, quite aoft 
and possess a peculiar granular appearance. They are also 
peculiar in that they exhibit amygdaloidal cavities, a phe- 
nomenon not shown by any other dike rocks of our acquaint- 
ance. The amygdules are filled mainly with calcite and vary 
in size from ^inch to such minute masses as can only be seen 
by the aid of the microscope. Ocbasional well developed 
crystals of augite are seen scattered through the rock mass. 

Microscopic examination proves these rocks to be made up 
of augite, hornblende, plagioclaae and innumerable small 
masses of magnetite, portions of which show complete crys- 
tallographic forme. 

The augite occurs in well formed porphyritic crystals of 
pink and green colors showing prismatic cleavage. A peculiar 
zonal structure was noted in several instances in which the 
nucleus of the augite crystal appeared under ordinary light to 
be light green in color while the outer rim was of a light yel- 
low. This is probably due to a differing chemical composi- 
tion in the outer rim and inner nucleus. Occasionally the 
augite was slightly decomposed, but to a certain degree retained 
its crystallographio form and optical properties. A close ex- 
amination of it shows some additional interesting features. 
Included in the porphyritic augite occur small prisms of 
brown hornblende identical with that to be later described as 
the principal component of the rock. While the vertical axes 
in the two minerals appear to be parallel the others do not 

(1) Americati Journal of Beienee, iii Beriee, vcd. xxxv, March. 18SS. 
We have been much aMisted by Mr. Walcott's map, and hj notes 
kindly loaoed by Dr. J. Francis Williams, of the Pratt Inst., Brooklyn. 
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correspoDd and the extinction for each occurs at a different 
point. It would seero from this that the small basaltic horn- 
blende crystals were first to form and that they then became 
involved in the lai^e augite crystals whose period of genera- 
tion marks a later stage. 

The close intermingling and association of hornblende and 
augite constitute one of the most interesting and striking 
features of many rocks. The relations of the two have often 
led to the conclusion that the hornblende had resulted by 
paramorphism from original augite. Hawes,' Irving,' Van- 
Hise,' Williams,' Herrick,' Hobbs,' Lawson,' and G- F. Rich- 
ards,' have remarked it in this country and such conclu- 
sions seem the ones generally to be drawn. Less often the 
two are related as in the present instance, in, which the horn- 
blende is undoubtedly of older age than the augite and baa 
been afterward taken up in its mass. Teall ° has noted this in 
England, and the senior author"* of the present paper previ- 
ously in this country. 

In addition to the above mentioned porphyritic crystals of 
augite (which range from 0.5 m.m. to 15 or 20 m.m.) are 
found other irregular masses of the same mineral. These 
present no crystallographic outline and were doubtless formed 
by a second generation later than the porphyritic type. In 
both, included magnetite occurs in small octahedra. 

The hornblende is the most abundant and most character- 
istic component of the rook. It exhibits minute rod-shaped 
crystals 0.1 m.m. broad by 0.5 m.m. long, of the basaltic 
type. Although the faces of the prism zone are well developed 
as shown by frequent cross sections, the terminal faces are 
lacking. Their fractured condition is probably due to move- 

' G. W. Hawes, Oeol. of N. H., toI- hi, pp. 67 and 206, pi. VII, flg. 1. 
'R. D. Irving, Oeol. of Wit., vol. iii, p. 170, 
'C. B. VanHise, Am. Jour. Set. (iii) xivi, 29. 

* G. H. Williams, Am. Jour. Sci. (in) xiviii, 259. In thU paper will 
be foond also many references to occurrences of the same pnenomena 

'C. L. Herrick, Bull, of Lab. oj Dmiion Univ., Granville, 0,, vol. 
U, p. 130. 

* W. H. Hobba, Btiil. Mui. Comp. Zool,, Harvard, Univ., vol. xvt, 
No. l,p. 10. 

'A. C. Lawion, Proe. Can. Iiut., Toronto, Apr., ISSS, p. 176; also 
Amer. Oeol.. Apr. 1888. 
"G, F. Richards, Bull. Deniion Univ., vol. iv, p. 6. 
•J. J. H. Teall. Quort. Jour. Oeol. 8oc., vol. 40, p. 665. 
"J. F. Kemp, ^m. Jovr, 8oi. (in) xxxTi, p. 260. 
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ment previous to the' complete solidification of the rock. 
They are highly pleochroic c>fi> a. The individual crystals 
vary little in size, the average being about 0.1 m.m. Id some 
portions of the dike the hornblende has undergone marked 
decomposition, the product being a greenish mineral resem- 
bling chlorite. In one instance, (Stat. M.) every constituent 
had undergone decomposition. Magnetite occure original 
and secondary. In the former octahedral forms were shown 
included in the porphyritie constituent and varying in size 
from .02 m.m. to .04 m.m. while the latter appears only in strings 
of fibrous aggregations. The plagioclase occurs in small rod- 
shaped crystals in many cases very much decomposed ; where 
fresh ones were noted they did not exceed 0.5 m.m. 

While in the region specimens were also obtained by Mr. 
Marsters from a dike 3 feet in width which cata the mftrble 
quarries two miles south of Proctor ' on the Rutland and Bur- 
lington R. R., some 25 miles northeast of the dikes mentioned 
above. The macroscopic character is similar and the miner- 
alogical composition is shov^n by the microscope to be the 
same in all respects as those described above. Slides of the 
marble adjoining the dike exhibit a very finely granular mass 
of calcite crystals, but no special contact minerals or phe- 
nomena. 

This marble belongs to the Eolian group of Hitchcock,' but 
is referred to the Chazy, etc., by Walcott. It will be noted 
that it is of later age than the Georgia slates and if this dike 
belongs, as its similar character would suggest, to the same 
time of formation as the others, this would-be subsequent to 
the deposition of the Trenton series.' We are disposed to 
connect them with the general upheaval of the Green moun- 
tains which closed the formation of the Lower Silurian 
system. 

The chemical composition of these dikes is shown by the 
analyses of the accompanying table. By way of comparison 
three other typical Camptonites are appended : (See p. 101.) 

The especial interest of these rocks lies in the fact that they 
establish an additional occurrence of the pure Camptonite type 

' Mr. MarBtersifl greatly indebted to Mr. Taylor, of the Proctor Mar- 
ble WorkB for assistaDce given in finding this dike. 

'0<oi. of Vt. vol. I, pp. 399-397. 

* UsiDg this and other terms in the sense proposed by the Interna- 
tional Geol. GoDgreBH. (See Hept. of Amer. Com., 1S86, p. 50}. 
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as first described by Hawee.' Similar ones have been subse- 
quently brought out by Harrington ' and Kemp.* J. J. H, 
Teall' has also described a dioritic type of rock which forms 
dikes piercing qnartzitea and limestones in the Scottish High- 
lands. From the description we should infer that it is similar 
to the Camptonites. Slides from all of the American localities 
have been compared in the preparation of this paper and they 
ate strikingly alike. They have also been compared with 
slides of nearly all the other dikes so far described in this 
country, chips or slides from which have in most cases been 
kindly given or loaned by their describers.' As compared 
with these they are different and individual. It is therefore 
here advocated that the name Camptonite be restricted to dike 
rocks consisting especially of brown basaltic hornblende in 
rod-shaped crystals, andofplagioclase and magnetite, together 
with which augite may or may not be associated. > 
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The writers purpose during the coming summer to study 
the dikes recorded as bo plentiful near Burlington, Vt., and to 
establish in connection with them such further typical fea- 

' Am. Jour. Sci. (ni) vol. xvii, p. 147. 

' Qeol. Sur. Canada, 1877-78, p. 439. 

Mm. /our. Sei. (ill) vol. xxxv, p. 331, 1888. Am. Naluralut, Aug. 
1888. 

* Oeol. Magazine, 1SA6, p. 346. 

' Emerion. Franklin Furnace mica-diabaBe. Am. Jour. Sci. (in) vol, 
xziii, p. 376-380, 1882. Haworth, Mtgeouri dikes. Am. Giol., May- 
June, 1888. Hobbe. Summerville dike^ ffarv. Bull, xvi No. 1, and 
othere. 
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tures as may lead to a better oiiderBtandtiig and more accu- 
rate classification of this oonfeaeedly the most obscure group 
of the massive rocks. 

We have been unable in the cases vrhich have come under 
our own attention to establish any connection between these 
dikes and any great parent body of eruptivee, although the 
existence of such is to be surmised. We are inclined to think 
that the walls must have been themselves within a zone of 
high temperature in order to admit of the penetration of such 
narrow bodies so great a distance from their source. 

Geological LahoratoTy, Cornell University. 

HOTICE OF SOME NEW AND REMARKABLE FORMS OP 

CRINOIDEA FROM THE NIAGARA LIMESTONE AT 

ST. PAUL, DECATUR COUNTY, INDIANA. 

Br Chablis 8. Bbichlbb. 

The limestone exposed at St. Paul, lud., is a hard crystalline 
limestone attaining a maximum thickness of about fifty feet, 
over-laid by cherty layers intercalated by thin limestone 
layers. 

The only fossils heretofore found were large specimens of 
OrtJiooeras simulator Hall, Orthoctras annulatum Sowerby 
and OyTOceraa elrodi Sowerby, until about three years ago a 
small crinoid over-looked perhaps on account of its size, was 
found and described as Piaocrinus gem-miformis S. A, Mil- 
ler. This species was the only crinoid that had ever been 
found by the many collectors until recently when Mr. A. C- 
•Benedict found a peculiar pear-shaped crinoid about twice the 
size of a grain of wheat. This specimen will probably be de- 
scribed by Messrs. Wachsmuth and Springer. 

The following is what Mr. Wachsmuth says in regard to 
this crinoid. "There is nothing about it to indicate it to 
be a crinoid and no pores or rhombs to make it a cystid." 

This crinoid has since been found by Drs. J, W. and Frank 
Howard, and the writer. 

The crinoids are found only on the weathered edges of this 
hard crystalline limestone, which makes them hard to see and 
very hard to chisel out. The largest collection of these small 
crinoids has been made by Dr. Howard. 

While at St. Paul the writer collected three crinoids which 
had not been found by Dr. Howard while making his coUect- 
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ion; these were turned over to Messrs. Wachsmutb and Spring- 
er for description. 

Dr. Wachsmuth eays that "some of the specimens are up- 
per Devonian or Subcarboniferous forniB." The presence of 
the Pisocrinua gemmiformit, which is restricted to the Niag- 
ara, the presence of many cystids, and other Niagara foseils 
prove that these crinoids are of the Niagara limestone. 

This limestone can be' traced from St. Paul, along Flat Rock 
to the place where the celebrated Waldron {Niagara shales) 
beds overlie this limestone ; farther up the stream on Little 
Flat Bock the writer was shown a deep hole in the bed of the 
stream where the Hudson river shales have been reached and 
found to underlie this limestone ; this proves clearly that the 
crinoids are Niagara although they resemble later forma. One 
remarkable fact is that these crinoids do not run through the 
over-lying shales. 

Dr. Frank Howard, however,found in this limestone acystid 
about the size of a hen's egg, while Dr.Washburn, of Waldron, 
also found the same species of cystid in the shale on Conn's 
creek. 

Many facts are yet to be worked out, which may result in 
many discussions between the paleontologist and stratigraph- 
ical geologist. 

REVIEW OF RECENT GEOLOGICAL LITERATURE. 

Obsidian Cliff, YellowiUme National Park. By Josiph P. Iddings. 
Pages 219-39&; platee iz-xvili. (Accompanying the seventh annual 
report, U. S. geological survey.) The widely famed Obsidian Cliff, 
extending half a mile and rising 150 to 200 feet above Obeidian creek, 
which flows at its base, is situated about eleven miles south of the 
Mammoth Hot Springa, at an elevation of 7,600 feet above the sea. 
Its upper half is a vertical lace of black obsidian, or volcanic glass, 
which has resulted from the rapid cooling of a perfectly fused, igneous 
rock, and the lower portion ia a talus slope of the same material. The 
cliff presents a partial section of a surface flow of obsidian which 
poured down an ancient slope of rhyolite from the plateau lying to the 
east. Following the obeidian back from the face of this cliff up the 
hummocky surface it becomes filled with gas cavities and passes into 
banded pumiceoue rock and finally into light-gray pumice. 

A remarkable columnar structure, simiiar to that of basalt, is devel- 
oped in the southern part of this cliff> where the obsidian flow had 
more than its average thickness. The shining black columnar prisms 
rise from the top of the talus elope to a height of 50 or 60 feet and vary 
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in width frpna two to four feet near the end of the cliff, the width of 
eticb column being quite conetant throughout its length. The prisma 
have DO uniform number of eidee, four, five and six being those moat 
frequently observed ; the sides are unequally developed, but at a dis- 
tance the general effect is quite regular. The author thinks that the 
exceedingly rare occurrence of columnar etrncture in obsidian is prob- 
ably owing to tbe fact that the conditions favorable for the production 
of prismatic structure and also for the solidification of the lava as 
amorphous glass are seldom coincident, tbe cause of columnar struc- 
ture being unquestionably tbe shrinkage of a homogeneous rock which 
is cooling at a moderate rat« from its surface. 

The rock forming the lower part of the columns is dense, black 
obsidian, with thin litboidal bands or layers of spherulites, which 
range from micrt^copic size to an inch or more in diameter, having % 
radially fibrous internal structure. Higher up the rock is less massive 
andcontainslitbophysse, as hollow spherulites are called. Thelithoidal 
rhyolite into which the obsidian passes northward contains a multi- 
tude of lithophysffi of the utmost delicacy and beauty, ranging in sice 
up to a footer more in diameter. Most of them are hemispherical arid 
consist of a group of concentric ahells which curve one over another 
like the petals of a rose. The partition walla are generally very thin, 
and often close together, in one instance fifty occurring within a radiuB 
of two inches. They are very fr^le and crumble under the touch, 
being made up of small and slightly adhering crystals with brilliant, 
glistening faces. 

Analyses show that the chemical composition of the spherulite is 
essentially the same as that of the surrounding rock, being a small 
portion of the magma which has crystallized with a particular struc- 
ture ; and, further, that tbe lithopbysie have the same composition as 
the dense spherulites, which shows that tbe transformation of a spher- 
ulite to a lithopbysa can only be a modification of its structure, « 
rearrangement of its minersls, without any chemical addition or toss. 
The conclusion reached by Mr. Iddings, from his very thorough inves- 
tigation, is that tbe lithophysfe in the obsidian, with their contents of 
prismatic quartz, trtdymite, adular-like and tabular soda-orthoclaae, 
magnetite and well crystallized fayaiite, are of aqueo-igneous-origin and 
result from the action of absorbed vapors upon the molten glass from 
which they were liberated during the process of crystallization con- 
sequent upon cooling, since which time no alteration, chemical or 
mechanical, has taken place. 

Report on the geology of Jiartha'i Vineyard. By Nathaniil S. 
Shalkr. Pages 287-363; plates xix-xxix. (Accompanying the seventh 
annual report, U. S, geological eur\'ey.) The island of Martha's 
Vineyard belongs to an extensive fringe of low land, mainly composed 
of glacial and modified drift, which borders the continent from New 
York city to cape Cod. The part of this belt of glacial deposits which 
is above water is composed of an outer series of drift ridges which 
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form Long ZsUnd, Martho'a Vineyard, Nantucket and a number ot 
leuer islanda, and an inner ridge erident in cape Cod, the Eliiabeth 
islands and several smaller islands. The eastern portion of this 
double coast fringe is separated from the west«m portion bj a consid- 
erable gap, that which divides Martha's Vioeyard from Block island 
and Long island. The cause of this break i8 not perfectly clear, but 
profeeaor Shaler regards it as probably due, not to any failure of the 
glacial deposits to be formed in this space or in any considerable 
degrea to their erosion, but rather to the fact that the floor on which 
they rest was originally lower in this part of the coast than elsewhere. 
This is indicated by the circumstance that from the western end of 
Martha's Vineyard there is a shoal that extends to Block island and 
thence to Long island. This shoal seems to be a continuation under 
water of the marginal drift formations which are so prominently 
exhibited on Long island and Martha's Vineyard. 

These drift deposits comprise (1) the ordinary ground moraine or 
till, left by the melting of an ice-sheet ; (2) frontal moraine deposits, 
formed where the materials have been pushed before the glacier; (3) 
kame deposits, where the materials have been brought to their position 
by the action of violent currents of Water operating near the ice front ; 
and (4) terraces or plains, sloping southward from the belt of the 
frontal moraine and kames. 

The total amount of detrital material in the belt of moraines on the 
northwest part of Martha's Vineyard between Gay Head and Tashmu 
pond is greater than in any other deposit of this nature known to the 
author in New England. On an area ten miles in length and one and 
one-balf miles in width the drift can not be on an average less than 
150 feet thick. Its highest elevation Is Prospect Mil, which rises abont 
800 feet above the sea. South of the hilly morainic belt on the eastern 
halt of the island the surface passes rather suddenly into a plain of 
gravel and sand, which sinks from an elevation of 50 feet bordering the 
moraine to only about tO feet above the sea level at the southern shore 
of the island. 

Professor Shaler believes that the deposition of both the fronta 
moraine and the bordering plain took place at some depth below the 
level of the ocean, the relative hights of land and sea in that region 
having been so changed during the glacial period that even Prospect 
bill was submerged. This opinion, however leads to a startling con- 
clnsion which is stated as follows: "The emergence oC the drift 
deposits of this district from the sea must have taken place with sin- 
gular rapidity, for there is no sign of wear on the surface 
of the moraines or the lower-lying kames, such as would inev- 
itably have occnrred if their surfaces had been exposed to the action 
of the waves for any length of time. Nothing save an exceedingly 
sudden uplift could have secured their escape in the process of eleva- 
tion; theirextremely delicate outlines could not endure the action of 
the sea for a single month." 
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But the absence of marine foeeils to prove the aupposed aubmergence, 
and the difficult]' thus fully recogDiied by the author, seem to make it 
far more probable that the drift defioBits were formed above the eea, 
and even when this district stood eoniewhst higher than now, which is 
the opinion of EliasLewia, Jr., and of Uphom, based on the occuir- 
rence of ancient channels of drainage, which extend southward from 
the moraine across the plain and continue beneath the present sea 
level. 

Plentiful fragments of a reddish sandstone, which contain eii or 
eight well marked species of Cretaceous molluaca, are found upon 
small areas in two places, indicating the existence of Cretaceous beds 
beneath the drift at no great distance. 

The very interesting Tertiary section of Gay Head is described as 
showing a great number of thick, steeply inclined beds of sand, clay, 
and lignltic matter of estremeLy vivid and contrasted colors, with an 
observed total thickness of about 2,000 feet. The colors range from tlie 
dazzling white of the sandy beds to the nearly pure black of the car- 
bonaceous layers, with intermediate hues of brown, green, yellow and 
red. But the ordinary arrangement of the beds in the section is 
greatly marked by the continued slipping of large wedges of the depos- 
its down the steep incline of the tains. The fossils of this locality, 
indicating later Miocene or Pliocene age, are to form the subject of a 
separate memoir. From the great thickness of these beds and adja- 
cent parts of the same formation, chieQy monoclinal, dipping to the 
northeast with strike from northwest to southeast, and from the many 
enclosed lignitic layers the author suggests, with much probability, 
that the whole formation, denominated the Vineyard series, was the 
delta of fl great river flowing eastward to this area from the Connecti- 
cnt valley, or perhaps from no further distance than the Narragansett 
basin, that is, the region now occupied by the Taunton and Providence 
rivers and their tributaries. 

The let-age in NoHh America. By G. Fbedeeici Wriobt. (D. Ap- 
pleton&Co.,N. Y. pp. 622, Roy. 8vo, many maps and illustrations, 
$5.00.) Theauthorof this work has been known for fifteen yeara as an 
active student of glacial phenomena, and as such has made extended 
observations,reachiDg from New England to Minnesota and the glaciers 
of Alaska. While his professorial work has been in a far different 
field,* he has industriously devoted his summer months to glacial geol- 
ogy, and has seen with bis own eyes most of the important phenomena 
of the ice-age in America. While this wide observation has quali- 
fied him to use his own language in describing the drift that character- 
ises so much of North America, and tor making judicious selections, 
and forlraming aconsistenttreatment of his theme, he has preferred 
to quote largely from the published accounts of other geologists. 

The book has chaptera entitled: Whatis a Racier? Existing gla- 

*Ur. Wright l> proteirar ol KcirTeilaiiieiit Greek In Ol>erUD Theological Seminarr 
and editor ol Ow BIblbithMa taera. 
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ciers on the Pacific cout, A month with tbe Matr glacier, Glaciers of 
Greenland, Glaciers in other parts of the vorld, Signs of glaciation. 
Boundary of the glaciated area in North America, Depth of ice during 
the glacial period, Terminal moraines. Glacial erosion and transpor- 
tation, Dnuniine, Preglacial diainago. Drainage of the glacial period, 
Karnes, Glacial dams, lakes and water-falls, Tbeloese, Flight of plants 
and animals dnringthe glacial period, Tbe cause of tbe glacial period, 
Tbe date of the glacial period Man and the glacial period, with an ap- 
pendix bj Warren Upham on Probable causes of glaciation, and 
another giving the recent obseiratione of Mr. R. Chalmers On tbe gla- 
ciation of eastern Canada. The work bas 143 figures, maps and other il- 
lustrations, many of them new, and many from photographic views re- 
produced in "half-tone." It is faultlessly printed on heavy smooth 
paper, thus exhibiting at once in the text and in tbe prints of photo- 
illnstrations, a creditable specimen of American publication. 

It would be impracticable to give here a digest of this book. Suffice it 
to say that the author contrives, after a simple introduction of the 
reader to a glacier, to lead him through an easy successionof etepstoa 
conception of the ice-age, its signs, its results, its date, its cause, &c., 
and by a wondertol panorama of illustration, accompanied by a pan- 
oramic textual description, to give him not only an adequate concep- 
ion, but a conviction of the verity of the ice-age. To the author the 
relation of the ice age to man, and the date of bis existence on tbe 
earth, has given zest to all his labor, and naturally tbe chapters which 
relate to the antiquity of man ore specially full and complete. 

Geoiogiats in America will welcome this excursion of the theologian 
into actual science, for they are yet proue to believe that truth to the 
mind of a theologian is as convincing as to the mind of a scientist, and 
tbey only wish that with a similar candor, and thoroughness all theol- 
ogians would investigate the conclasions of geology before coDdemning 

Specifically, while the author agrees with tbe majority of geologists 
in nearly all points, there are a few divergences of opinion, viz : Prof. 
Wright is disposed to regard the entire phenomena of tbe ice-age as 
referable to one period instead of two or more, but supposes that the ice- 
margin advanced again, and perhaps twice or tlirice, after the recession 
began, the "inter-glacial" epochs being no longer perhaps than one or 
two centuries. 

As to tbe cause of the glacial period. Prof. Wright leaves it an open 
question. He qnalifiedly rejects the eccentricity theory of Mr. Croll 
but alludes favorably to local elevation of large areas in North America 
particularly in Ihe Mississippi valley, the Canadian highlands and the 
New England coast, though hardly allowing this to be sufficient to 
produce a glacial period. Tbe chief otastacle to the acceptance of 
Croll's eccentricity theory is the accumulating evidence of the recent- 
nesB of tbe last glacial epoch, though this does not interfere with Mr. 
Oroll's resort to precession of the equinoxes to account for general gla- 
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ciation, but rather confirms that part of Hr.Croll's astronomical theory 
since the time required for the glacial epoch in both cases ia not far 
from ten thousand years. 

Mr. Upham'a surrey of the evidence of local, continental or regional 
elevation in North America, in Appendix A. is interesting and valuable; 
and as a result he accepts the Lyellian hypothesis that euch fluctua- 
tions have caused not only changes in the distribution and area of land 
over the surface of the earth, but also have been the prime cause of 
the glacial epoch. "Briefly stated, the condition and relation of the 
earth's cmst and interior appear to be such that they produce in con-" 
nection with contraction of the earth's mass, depreeeions and uplifts of 
extensive areas, some of which have been raised to hights where their 
precipitation of moisture throughout the year nas almost wholly snow, 
gradually forming thick ice-sheets; but under the heavy load of ice 
subsidence ensued, with correlative uplift of other portions of the 
earth'scruRt; so that glacial conditions may have prevailed alternately 
in the northern and aouthem hemispheres, or in North America and 
Europe, and may have been repeated after warm interglacial epochs." 
This is a broader and a more flexible application of the Lyellian hy- 
pothesis, and appeals to well-known terrostrial movements, influenced 
by terrestrial agencies. It goea further than the assumption of eleva- 
tion, in that it accounts for the elevation. Asa theory for terrestrial 
glaciation it is not new, but the hypothetical manner of application and 
distribution of the supposed cause for such gtaciation appears to be 
new, and as such deserves the attention of glacialists and physicists. 

Tht BviUtiti of the American Muiewn of Natural HUtory, vol. ii. No. 
2, was issued in March I8S9 and fully maintains the high reputation of 
the series to which it belongs. The geological papers are by Prof. R. 
P. Whitfleid, four in number, and'are respectively entitled 06»eruotioTn 
on tome imperfectly known foiiiit from Ihe Calciferotu sandrock of Lake 
ChatHplain, and detcriptiong of leveral new forme; .Additional noie* on 
Aiaphui canalU, Conrad; Deicription of a new form of foiail Balanoid 
Cirripede, from the Marcellus ihale of New York; and Note on the faunal 
reiemblance between the Crelactout formation* of New Jeney, and thoie of 
the Qalf ttate*. 

Diicovery of Crelaeeom Mammah by Profettor 0. C. Marih. CAppen- 
di^ to American Journal of Science, July, 1889.) The great break in 
the geological history of mammals, due to the apparent absence of mam- 
malian remains in any authentically recognized deposits of Cretaceous 
age, has long been oneof the strangest and most inexplicable of the facta 
confronting the student of paleontology. Small marsupial mammals 
are known from numerous specimens in the Triassic and Jurassic, 
both of Europe and America. Mammals, more or less specialised, 
and fnlly differentiated intodistinctorders, swarmed in the forostsand 
haunted the lake margins in the earliest Tertiary; mammals must 
have existed during the Cretaceous. It was during the Cretaceous 
that alt the differentiation seen among the early Tertiary mammals 
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took place. Why have not the remains of Cretaceous mammale been 
diecovered? It ia not enough to say that all the Cretoceooa deposits 
accessible to geologiats were laid down in the open sea in sitnations 
where mammalian remaina were not likely to be carried. Such a state- 
ment is no longer trae. The Dakota group with its leaves of ptueno- 
gamouB forests in the lower horizon of the Cretaceous of the Upper 
Misaoori, and the Laramie group at the close of the period, were 
laid down under circumstancea in all respects favorable for receiving 
and preserving mammalian remains. Moreover the skeletons of Dino- 
tauria, which were aa terrestrial in habit as ordinary mammals, are 
represented in Cretaceous etrata by abundant and well preserved 
Bpecimens. The Zeuglodon did not acquire its adhptation to marine 
life suddenly. It must have had aquatic predecessors whose remains 
are entombed somewhere in strata of the later Cretaceous. 

As professor Marsh well says : "A comparison of mammals known 
from the Jurassic and Tertiary made it almost certain [we would 
ftky quite certain] that many intermediate forms must exist in the Cre- 
taceoua, and their discovery was one of the priiea held out to explor- 
ers." 

The paper before us marks an important epoch in our knowledge of 
the history of mammalian life. It contains the first intimation we have 
had of it finding of unquestioned mammalian remains in strata of Cre- 
taceous age. The finding of snch remains is so far confined to the 
Laramiae group, a group by the way that has by excellent geologists, 
been referred to the lower Tertiary, although its relations to the Creta- 
ceous will now be generally acknowledged. A long breach in mam- 
malian history still remaina to be filled, but now that an entrance into 
this long sealed portion of the mammalian record has been secured we 
may hope that discoveries will follow each other in quick succession. 

The mammalian remains described by professor Uarah w«re found 
by Mr. J. B. Hatcher in Wyoming and Dakota, and were associated 
with BadTOtaurat and other Dinotauria. They are not exactly what 
we might reasonably expect the mammals of the Laramie group to.be, 
for they are all rather small creatures, more nearly related to the mam- 
malian fanna of the Jurassic than of the Tertiary ; moat are maraupials 
but some have structures indicating relationship with monotremee, a 
fact of great interest and aigniflcance. Seventeen epecies are noted, 
and these, together with others from the same horizon, will be fully de- 
scribed and figured in a memoir on mesozoic mammals, now in process 
of preparation, and to be published by the United 8tatee geological 
survey. Four plates illustrate the article here under consideration. 

Tht InveTtebraie Fauna of the Hawtetbtiry-Wianamalta Seriet o/ New 
South WaU*. By Eobbbt ETKERtnoB, Jr. This quarto publication 
embracing 21 pages and one plate is the flrst of the palsontological 
memoirs of the geological survey of New South Wales. 8. C. Wilkin- 
son, F. G. 8., ic, is the geological survey or-in-cbarge. 

The series of rocks here named the Hawkesbury-Wianamatta series 
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lie above the productive Coal Meaaures of New South Wales and are 
divisible into tour well marked litbological divistona. Proceeding 
downwards theee divisions are Wianamatta shales, 700 feet; Hankes- 
bnry sandatoues, 1,000 feet; Marrabeen shales, 650 feet; Estheria 
shales, 640 feet. The Wianamatta sliales are chiefly argillaceona 
deposits resting in denuded hollows and on worn surfaces of the 
Hawkesbury sandstone and containing remains of plants, fishes and 
labyrinthodonts. The Hawkesbory sandstones afford numerous re- 
mains of plants and of fishes, but the chief interest centres in two 
species of labyrinthodonts. One is snpposed to be identical with the 
European Triaasic Mattodontawut robtutui, the other is the PliUyeepi 
uiilkensoni Stephens. The lower member of the series contains remains 
of Etlheria. The plants of the series as well as the labyrinthodonts 
indicate the horizon of the European Trias 

For some tima Estheria was the only genus of invertebrates known 
from the Hawkesbury- Wianamatta series, but recently the inverte- 
brate fauna of the series has been enriched by the discovery of two 
species of the genus Unio, two species ot a new genus described by the 
author as Vnioaella, and a gasteropod belonging to the genus Treman- 
oliu. On this continent, and the same is true of Europe, Tremanctut 
is not known after the close of the Upper Silurian. It is a matter of 
no small degree of interest to find this old fashioned genus reappear- 
ing in Triassic strata in New South Wales. 

ConlributioTiM to the Tertiary Flora of Australia. By Da. Constan- 
TiK, Babon yon ETTiNosnArsEN. This volume constitutes the second 
of the paltBontological memoirs of the geological survey of New South 
Wales. In addition to the description of genera and species the 
author discusses the relations between the Tertiary and modern floras 
of Australia, the relation of Australian types in the Tertiary flora of 
Europe to similar types in the Tertiary strata of Australia, and the 
question whether not exclusively Australian forms can be traced in 
the Tertiary flora of Australia. "The Tertiary flora of extra-tropical 
Australia is, as regards character, essentially distinct from the present 
living flora of Australia, nor does it closely resemble in general, any 
living flora. On the other hand it shows the mixed character of the 
Tertiary floras of Europe, the Arctic regions, North America, and 
probably alt the Tertiary floras. It has also much more similarity to 
the Tertiary floras at present known than to the existing flora ot Aua- 

The author points out that the Tertiary floras wherever studied 
combine all the elements of the modern floras. For example genera 
now exclusively eonflned tothe Australia region, occur in the Tertiary 
of Europe, while on the other hand the genus Quercui is represented 
by « number of apecies in the Tertiary flora of Australia, though not . 
represented at all in the modern flora. Palno- botanists can readily 
point out similar examples from a comparison of the Tertiary floras at 
Europe and North America. During the Tertiary, as the author well 
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MyB, "types of plants existed together which are now separated from 
one another by large tracts of the earth's surface." In the Tertiary 
of Java for example occur the well known North American genera 
Comui, RhamnMM and Ceanothiu. 

An interesting feature of the volume is a table showing a compari- 
son ot the Tertiary flora of Australia with other Tertiary and the exiat- 
ing florae. The table brings out, in a very striking way, the simUarity 
characterizing alt Tertiary florae. The larger part of the volume is 
necessarily devoted to the description of genera and species. Fifteen 
plates, crowded with beautifully lithographed figures, illustrate the 
test. 

Jiecordi oftke Geological Survey of New Sottth Walee, Vol. I, Fart I. 
This pamphlet of 31 pt^ee and 6 plates contains seven short articles 
on subjects relating to the work of the survey. The second article 
reports the discovery of human remains in the sand and pumice bed 
at Long bay, near Botany. The geological conditions and associated 
objects indicate an interment in Fost-Tertiary times. At the same 
time all evidence points to a high antiquity, so that the burial proba- 
bly dates back to the earliest human occupation of the region. The 
fourth article describes and illustrates a coral intermediate between 
the genera Lotudalia and Spongophyllum. 

On the elaitification of the tarty Camfn-ian and pre-Cambrian forma- 
tiotu. A brief diictigiion of prineipUi, illuilrated by examptet drawn 
maMy from the Lake Superior region). By R. D. Irvinq. Pages 365- 
464 J plates ixx — li ; figures 64-96. ( Aceompanying the seventh annu- 
al report of the director of the U. S. geological aorvey. ) 

No other geologist ims so thoroughly explored and studied the region 
adjoining lake Superior as the late professor Irving, and this paper, 
one of the lost prepared by him, presents a very clear and comprehen- 
sive statement of his conclusions concerning the stratigraphic divisions 
and relationships of its Cambrian and older formations. The paper 
treats mainly of the ex(«nt to which paleontological and lithological 
characters, unconformities, and intervals attended by extensive ero- 
sion, are respectively to be relied upon for purposes of classification 
Incidently, it includes many sections and details ot the stratigraphy of 
localities which illustrate the principles under discussion, with geolog- 
ical maps of central Wisconsin, northeastern Minnesota, and the Pen- 
okee-Gogebic iron region in northern Wisconsin, and northwestern 
Michigan. 

Four great groups or series of rocks are recognized in the Lake Super- 
ior region, divided from each other by unconformity and erosion, 
namely, in descending order, the Cambrian, Keweenawan, Huroniaa, 
and Laurentian. In the more general classification of these divisions, 
, professor Irving believed that only the Laurentian should be included 
in the Archeean system, "because of the greatness of the time interval 
between that series and the next succeeding it, in comparison with any 
of the later interruptions of the geological column; because of Its in- 
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ten^lv »ll*r»il .-•:-:i'ii:: : c *zA Prz^r^j -^^ , 
pared with ibrie «' »::y ■.: -jjr li'-r tr i-.-^ : i:ii leci^$« c-f the Ivk o 
defioite evi.iv-nc* >t tL« «ii-iM-i* :L:^ i^j-ji^iiif i-:-i-3.-ti:.c. vlulelifa 
plaiolv eiLrtr-i ai :e^ ;i:i.- :;' :^_;- ■!:-.- .: -J.^ ti^lir*: •'-'. ite sacc««d' 
ing gronpa.'" 

The Harocian \tA Ke»r^=j»a=. w"!--!! f-^riars vtr-r srir-npe to bi 
hereafter esiabliih^-i. i^wrr-ii^^ ":-7T»r^= •±it T i— -^-r^«n m-i Cam- 
brian, are cia^s^i t.-j^-.i-er *• ijn.- ;.;. ;r Ei^rl-Taa. this lerm be- 
ing ?abject !■> ht:irv li2.::ji:.i -.r ^Ei;r«- ivt li -^^^z. t. if any ^cffirieiit- 
Iv iltjtinctire pii;-r-:.!i;-. i -r-iil ■ii?--.T»r..^ «h_kll '.^ ai^ie. Proie&eoi 
Irvine's clawinc-jrioc ■tra'» -J:^ li::^ :— -:»t-^- li-; A^-:-v*:;o and Pal 
eozoic svEtems at the '«.■=* ■;-: :h-= P \~':i.-l. ^iiz.: CtcIs. or Lake Super 
ior, aan^lst^ne ia the s^-.->;*-w: . = cf f.rzu: -=^ ■i^v^^ipe'] sbom Uk< 
Saperior: bnt b^ sue^ests t^: s-:;!^^-;'?^: ^tI :.^--;ie hjt yei be fonod ii 
Keweenavan an-1 HcTLcijn :-*^;.s :;r :h^ eitiz^ioc m the Paleoioii 
svEiem lo icoln-Ie all tL<r>e er^.tip?. exci>';r.^ the t«$al Lanrenliai 
gnei«:^e? and srhi^t^ . 

WcLUAM MoRKi^ Davis, Pair** -t-'vVj'At : jiate iii =jp of a portion o 
Cooneclicat) r fiaiirea 97-l'>>, A«->3;pa3_vii;z the severith report, C 
S. (Tpological sarvey.: 

The present esteul ot ihi? Tr^i^iv* ar^a n^eascfes abc'Ot % inilei 
nonh and soath, from lon^ IsUsd ^^ntid. vhere i; nins under the sea 
nearly to the oortheni bonii'lary of Ma^fa^'hnretie, and iriMii 1-i to \< 
miles eaat and west io c>emral Coimeciiost and :rOtithem Maf««ehti««tt 
where it is broadest- The a<)at<>af rtieks (A the formaiion eonsist a 
congiomerates. sandsloni^. and :^haIes ; they ar« mostly ol a led o 
brown color bat ihe shales are sotuetiiues dark and bitnminons, witl 
impresaiooe of fi^h and of land planum ; ocv-asiotial thin eeama of coa 
have been reporteii, and a small bin eigniticam be-l of impoie gravisl 
limestone makes its appearanv-e amona the shales. 

Interbedded with these se-limente are dolerites or diabases, wbicl 
occur aa intmsive sheets alonf the western border of the BOatben 
half of the formation, and elsewhere and more commonly aa oversows 
lying npon the beds that had l>een iomied at the lime oi their erapdoi 
and buried under the later deivosits. 

A preliminary BEaiement of the seqaent'e and thickness of the Trias 
sic serief in the Conneclicot valley, in natural order from top to bot 
t'>m, is aa follows: 

Tliickneu ia Feet, 

Conclnmermtes. wndiioneN »na ihalN %.<^\o J,OI» 

Po-tPrinr mp overflovr 50 lo IM 

SinrtsioDe* »nd stialet aW lo SCO 

ll«mlr«p oterflow.... 300 »« 5«» 

6h»leii wllh thin timeMone 1(» t« SOO 

A niertor trap overflow JO to ISO 

Sbiiei MO MO 

)>hali:4. uoilitones and congloiDermleE 1.000 1,000 

In:ra«lYe ir»p shwl 3» to WO 

RU^'lrtoOM and congloTn<rUet 500 lo 3.000 

Total T.OOOtolO^Xn 
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The moaoclinal Attitude of the formfttion, with a seneral eutwud 
dip of twenty or thirty degrees, is found to be doe to faults which ex- 
tend nearly parallel with the strike, having their upthrow on the east 
in practically all observed casee ; but there are depaftares from the 
eastward direction of dip in the neighborhood of the curved trap ridges 
at some other points. In explanation of the mechanical origin of this 
monocline, the antbor shows that the disturbance occurred after the 
deposition of the Triaaaic beds was essentially completed, and there- 
fore involved the whole thickness of the formation ; and that the faults 
doubtless have depth proportionate to their throw and length, carry- 
ing them far down, perhaps many miles, into the underlying schists 
and gneisses. An ingenious series of diagranunatic sections illustrates 
how the originally horizontal Triassic strata and the steeply inclined 
Bchiatfl beneath have been disturbed by lateral compression, exerted 
in an east and west or southeast and northwest direction, producing 
the monoclinal etcnctnre and the frequently creecentic forms of the 
ridges of outcropping trap sheets. 

Salt-making proeettet in the United Statti. By Tbomas H. Chatard. 
Pages 491-636 ; ptat«a liii— Iv. (Accompanying the seventh report, U. 
8. geological survey.) 

This paper treats of the chemistry of brine, and describes the differ- 
ent methods of salt-making employed in this conatry and th« results 
obtained by them, together with some references to foreign practice- 
The anthor concludes that, as a whole, the salt industry of the TTsited 
States, while condneted with energy and skill, is yet capable of much 
better work than that done at present. An appended table shows the 
results of analyeee and experiments, made nnder the direction of Wal- 
ter R. Johnson of th« V. S. navy, testing the heating, evaporating and 
steam-producing values of thirty varieties of coal from the Unit«d 
States, three from Nova Scotia, and three from Great Britian, also of 
dry pine wood. 

Tht Oeolagy of the Head of Cheiapeake Bay. By W. J. McGbb. 
Fages 637-648; plates Ivi-lzxi; figures 100-114. (Accompanying the 
seventh report, U. S. geological survey.) 

The specific object of the iaveBtigation here reported was to deter- 
mine the probable euccess of an artesian boring at Fishing Battery 
station in Chesapeake bay, near its head, between Havre de Grace and 
Bpesutie island. A detailed map shows the distribution of the Colum- 
tiia formation in the vicinity of the head of this bay ; and another on a 
small scale shows the drainage of the middle Atlantic slope, with the 
course of the fall-liDe, where the streams pass their lowest rapids or 
falls. This line, which extends close along the northwest side of this 
part of Chesapeake bay from Baltimore to Fort Deposit on the Susque- 
hanna, and similarly along the lower part of the Delaware river from 
Wilmington to Trenton coincides nearly with the division between the 
hilly Piedmont region on the northwest, consisting of highly tilted 
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Sovt- 'jf ajE T^ck exBorareE in ^>o<« ib«* kxtx locHL-ties withia tbe 

. «±jcti iafiaie aDTiTiii^, the CoJamtas 
T j i>«iiiii»T, ibe P.^e.:-aLac {orBJOiaa. aad 

c- ai ibf- eson met U tlte gtam ] »>»■>'■ of 
Ibe Etreuiw bxthvcM ol tb« Ul-Iiae hare h^b 
LiiT« desKlr w«pt tfaeiT cks&nds, vhik tbooe «■ the 
•r rnv^^Jtd their dMricM enijei in thcirovn^T^vides- 
<r iz. t^x txj. ^-ab^x^ofyna mlhivial ssads sic p^nctnled 
-Xt K oc^o. <£ \¥.' Jt«( t^ a bjri&g U r -jJiTT-^ Biiutt elalkiii, with no io- 
ri.-gr-.rw i:^ t*rar.i±^ tht liLM' c^ tbese poelfiacial dt^ostB at the S^t* 

iir clsr. Band, asi prsTei cA the CV -Tfi" -.- » iornuiioi) hoe 
f «ni>-i br Mj. Mi^ifc, *'a tub-e^iaaririe delta of the Soa- 
rrtr 'ie;<oi?tu-l vL«-ii ih« QiiaiercajY >c«-sbeet icarbcd ita 
^irtatcns is a fcovfal wax viih tlte 
a'l-rth : and thty ioiieaie w*t»1 bai Esrpriaa^ 
(■i the i^cioQ. rc'&ch:^ u l«a£t tvo favBdivd and 
fcrrr hwi a»d crgilinaing sometime afwr liie renvat oi the k«-«b«et 
«tinimie3>:^i"' Acc-Trding i* the aaih>r'j cv^sputation. the time occn- 
jD^f ix 1^ 4e;>3sik«i oi thif an^jfni de.ta mxT do( haic exceeded 
IJj/Jtt T**T=. Ii ii ndemd M the tarlder A>f the two pricfipal gf— -t«l 
«9»ciif -.•: 'Jjt' QaatCTDan, vhicb if t^e-liered ta- hare been diiided fnsn 
&^ lauT g'.aeial epoch bv a lo&p^ time ihan thai which has dapaed 
maK* tie xnal diaappeanDre of the ire, 

T:^ P Li-i-mac f vTmadon, ci-n^lriiEc -m fla^j and sandi vrf eariv Creta- 
w^i^H ar Ii;«- Jarasiic ap*. star-is nen in the order erf impciTtanee ia 
tii? stair, since the saa-is^.r-ne «' :is lower pan w.>ald i-e the svMirce of 
arwsaa warer in this disirici- Ilif prv>l>&bk thai this fand^a-jDeocnm 
i«eii€*ir. Firr.tzif Balicrr siari.?n. iiOi that the CTeriviog <-lajs of the 
ri';*^ ptri of ti'r f .■'.■-.■inAC f';«iii;i:-ii hid bj*n >h?re eriJed. allowing 
jl ',-.■ i-e ■ii^^vJj 'r'Teriaid br lb*- l«s i=;f-rrv:ons CvI^iTtbia formatioo. 
T;.^^*^:** il seenif d>^i-th:I, in view ■:.! the in;peritsTiMi ol ibe cwi- 
ti.^ »4nrr3 aiii ii the liirist-i be*d. wbeLbcr water reached in 
lirt- ?>•---■=-&? aasinoDC wc-^Jd flow, tic-aih it wonid prcbablr rise 
if^ur.j -j: ::;iiie m> tbe suriace, 

AiiLM ".iji w-Miem i>5rdtT of ih« f-?*s«d plain and the fall line of the ^ 
B=r*t2,-s- '■-•rri-jr^ notiM"!. Mr. Mi->j*e nods erid^nce of difplacooent 
w1j'_L Li* ;«-es: in j:>t-:>ire5S doriiLc tLe t^asiemarr and recent period, 
izi^ ar^^ 3 :'riwf^ 'A this line from the RappiLannod to the Hi>d»>B 
\<'i=^ •z-.'-T.'^i. aid ihai on the McUi^ast bein? depreseed. The mnk- 
i:i:F CI -.Zii BSiwird si ie of liie line appears u> i-ommeDce in the Ticmitj 
'.c F^^■^f■T-:.'-■tJ■":■::r^ and to inorva^ie northward to 3iV <» -WO « poHibly 
^>:' :f«- -rt-Mi tL* area on the ni>niiwe?t has probaMr been derated 
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to an equal extent. CompariBon with fault scarps that have displaced 
the sediments of the Quaternary lakes Bonneville and Lahontan, in 
tbe recent aplifte of the grand Wasatch and Sierra Nevada ranges, 
indicates that this displacement between tbe Piedmont region and the. 
coastal plain is not inferior in the amoont ol change now takit^ place. 
Bnt the author snppoaes that mountain building ia in as active progress 
in the Cordilleran region of western America, and particnlarlj' in the 
Gt«at Basin, as in any country; and accepting that mountain, growth 
as a standard for past ages, he concludes that the present rate of dis- 
placement along the fall-line of the middle Atlantic slope is about as 
high as baa ever been attained in an? part of the globe during any 
geologic period. It seems very difficult, however, to account (or these 
movements, as the author endeavors to do, by erosion and deposition 
subtracting from and adding to the weight of these portions of the 
earth's crust. 

Die Lumer, (.LetletikohUri), Flora in den "older Meiotoic hed» of the 
Coal Field of Eagtem Virginia," von D. Stub : Verhandl. d. k-k. geol. 
Reichsanstalt, Wien. No. 10, July 1B38, pp. 203-217. A smaller col- 
lection of fossil plants from the older meaozoic of Virginia, sent last 
year by the United States geological survey to Dionys Stur, director 
of tbe Austrian geological survey, for comparison with the Austrian 
mesozoic florH, was made the subject of tbe communication under the 
above title, aubmitted laat summer to the latter survey. 

Since the publication of Professor Fontaine'a monograph on the 
older mesozoic flora of Virginia, Profeasor Stur baa urged tbe intimate 
relation between that flora and those of the Lunz beds in Austria, bnt 
fearing to rely on the former's illustrations, he has withheld specific 
conclusions until a comparison of the specimens should have been 
made. Now, however, as the result of such comparison, he correlates 
the Virginia beds with the Lettenkohl [Kenper] of Lunz. Following 
is ft list of the Virginia plants 80 compared, with their equivalents in 
the Lunz strata, the Clover Hill plants on the left and the Austrian on 
tbe right : 

Equisetnm rogetsi, fichimper. Equisetom arensceom, Jeger, sp. 
Schizonenra virginiensis. Font. Calamites meriani, Brgt. 
Macrotteniopteris magnifolia, Tseniopteris latior et- 



Macrot^niopteris crassiner 
Font. 

Acrostichidee Huuetcfolius, Bunb 

Sp. 
Acrostichides rhombifoliua, Font. 

" densifolius. Font. 

' ' nucrophyllus. Font. 

Merteneides bullatus, Bunb, sp. 

" distana, Font. 



simplex, Stur. 
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Speirocarpua loniensis, Stur. 

" rfltimeyeri, Heer. 

" micropbyllue, Stur. 

Oligocarpia robustior, Stur. 

" lunzenais, Stut. 
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ABterotbeca meriani, Bgt. ep. 



AaterocBrpUB TirginienBiB, Font. 
" platyrrhftchya, Font. 
" penticarpuB, Font. 
Lonchopt«ris virginieneiB, Font. 
Clathropteria platyphylia, Font. 
Peeudo-daufBopBia reticulata, 

Font. 
CtenophfUom braunianum, Pont 
Ctenophyllam grandifoliam. 

Font. 
Podozamites tenuiBtriatua, Font. 
SphenozamiteB rogersianus. Font 



SpeirocarpuB haberfelneri, Stor. 
Clathropteria reticulata, Eurr. 
Heeria Itmzensie, Stur. 



Pterophyllui 
PWrophyllui 



. riegeri, Stur. 
baaeri, Stur. 



a bronnii, Scbenk. 



t Pterophyllui 

The relations of several other Bpedes figured by Fontaine are also 
diseuased, including Ctenophyllum taxinum, Font., which he aays is 
identical with bia Pterophyllum cUniforme. Whatever apeciea ahall 
eventually paaa into Bjuonymy, it is clearly no fault of Prof eaaor Fon- 
taine's that BO many of hie species are identical with the new ones of 
Stur, of which he had no knowledge since the Prodrome of the Lunz 
flora, all that has yet appeared, and without illustrations, was pub- 
liabed in 1885, two years after the publication of Fontaine's mono- 
graph. Prof. Stur's discussion ahowB an evident affinity between the 
flora of the Richmond coal fields and those of Lunz and Raibl, and 
the Lettenkohl of Germany, but one can hardly find courage to go the 
whole length with him in putting aa his first and foremost argument 
the (act that the Clover Hill specimens are so similar lithologieally to 
those of Luni that those acquainted with the latter would pronounce 
them as coming from Lunz. 
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CORRESPONDENCE. 

Note oh the DiBTRienTioN of Certain I.oesb Fobbils.— ^Throaghont 
lona and portions of the contiguons states the loess forms a marked fea- 
ture along the principal lines of drainage. Its characteristic topography 
readily distingaisbes it, at a distance, from associated glacial depoeits. 
Everywhere over the area referred to the loose is to a greater or less 
extent foBsiliferous. With a few exceptions the foBBils are shells of mol- 
losca, which are often very abundant, and are easily recognizable, bya 
peculiar chalky whiteness, from "dead" shells of theeamespeciesBtill 
extant. There are now known from the loess of Iowa about thirty-five 
species of mollusks. Of these three-fonrths are land forms; the re- 
mainder aquatic. 

The species found in'the loess which at present appear to be extinct 
over portions, or all of the area just mentioned are: Patula etrigota^ 
Gould, Pupa blandi Morse, Pupa viuicorum Uan6, Vertigo limpUx 
Gould, Meiodon thyroidti Say, ralZonta pulchilla Miiller, and Belt- 
eitia occulta Say. It is to be noted that all Beven of these gasteropoda 
are terrrestrial, and that they are among the most characteristic and 
persistent forma of the deposit, usually occurring in greater or 
leBS abundance wherever the toesa is present in the Mississippi 
Valley. Tbe first fonr species listed are at the present time extra lim- 
itary ; Vertigo limplex, Pupa blandi, and Pupa muic«rum being boreal 
forms, the latter also circumpolar in its distribution. Tbe other 
three species ennmerated are not found living in central Iowa. ife$o- 
don thyroidet Say occurs, however, in the eastern partof tbe state along 
the Miesisaippi river. VaUonia pulchella and Selicina occulta also are 
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found only in the northeastern portion of the state. The first of these 
two is a miBiite jret hardy species, circumpolar in its geographic range 
and possessing a high antiquity geologically. The other was, tmtil 
very recently, known only from fossils. A few years ago it was dis- 
covered in coneiderable numbers living near Iowa City and later in 
Haidin county, Iowa. The local diatribntton of the living forms of 
this apecies is very remarkable, and in both of the places mentioned 
it is extremely limited, being scarcely an acre in extent. It thas ap- 
pears that the once abundant and widely distributed species is now on 
the verge of extinction. 

Attention has lately ' been called to a striking difference in the fac- 
ies of the living Unionidie of central and eastern Iowa, and incidentally 
to some peculiarities in the distribution of the gosteropods over the 
same region. Ext«nsive collecting among recent mollasca in varione 
parts of the state revealed that certain species, especially land forms, 
were lees abundant in the western and central, than in the eastern, 
portions of Iowa; and that some of these forms were much more 
plentiful towards the northern than towards the southern, limits of the 
latter district. The occurrence in great abundance, in the loess over 
central Iowa, of certain gasteropods which are now extinct throughout 
the tract, and the recent discovery of some of these same forma living 
in great numbers in the northeastern part of the state, suggested tbat 
a part at least of the present moUnscan fauna of Iowa was derived from 
the northeastward ; and tbat the migrations of the moUnsks probably 
began immediately upon the recession of the great ice sheet. The ex- 
istence of the extensive "driftlesa " area of southwestern Wisconsin— 
once an immense island in the great mer de glace — afforded considera- 
ble plausibility for the inference, but in the absence of suitable mater- 
ial from this region the actual presence of various living moUusca 
could not be satisfactorily determined. A short time ago, however, 
some of this material was supplied from southeaatam Minnesota. 
Among the living forms represented were HelicitM occulta Say, and 
Vttllonia pulchella Miiller, both from within the limits of the "driftless" 
tract. The discovery ia of great interest as corroborating the supposi- 
tion already set forth, and it is not nolikely that the first of these two 
species will be found in other localities in northeastern Iowa and the 
adjoining portions of the contiguous states ; its peculiar and strictly lo- 
cal distribution will, however, tend to render detection quite difficult. 

The southern limit of the vast ice sheet of the principal glacial epoch 
has been made out with an eminent degree of accuracy, and over the 
Mississippi valley coincides approximately with the Ohio and Missouri 
rivers. As the ice melted along the front of the retreating glacier, 
vnormona accumulations of glacial silt and debris weredeposited. But 
whether the deposition of the loess was contemporaneous with the 
closing stage of the earlier glacial epoch, aa advanced by Chamberlio 
and Saliflbnry ;' or was during the episode immediately succeeding the 

'Keyea: Annotated Cat. Mollusca Iowa, Bui. Esses Inst., vol. xx. 

■Bth Ann. Eept. U. 8. Geol. Sur., p. 306. 
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long intorglacial period, as nrged by HcGee ' is not pertinent. Cerbun 
it is, however, th&t the remarkable abnadance and wide geographic 
distribntion of many of the loess ahells is indicatiTe of a coneiderable 
period, after the recession of the glacier, during which the climate 
most have been coraparatlrely mild in order that the DumeroDS spec- 
ies of land molltuks could reach BQch an immense development, and 
attain sach a wide dispersioa as is clearly manifest. That the climatic 
conditions, however, were mnch more rigoroos than at present is am- 
ply shown not only by a notable depanperatlon of the molluscan shells 
as first pointed ontby McGee and Call,* but it is also attested by the 
introduction of many boreal forma, some of which have been already 
ennmerated. The presence, daring the deposition of the loess, of arc- 
tic species in Iowa is further evidenced by the discovery of the re- 
mains of such northern manunals as Ovibo* eavi/ront,^ and Cervtu nmi- 
calineTuiB.* 

The driftless area— formerly a veritable Jardin midst a vast waste of 
ice — is therefore of peculiar interest in conaiderii^ geographically the 
fannat distribution during a time when the climatic conditions of the 
region were manifestly very different from those of the present, and it 
is not improbable that within the limits of the tract mentioned careful 
search among the mollusca and plants will yet reveal many significBiit 
traces of boreal life — vestiges of an arctic season. 

SurlingUm, lova. Charles R. Ksyxe. 

Thb Tacohic of Dabtsbn Nkwfockdland. — Through the kind permis- 
sion of professor Marcou and the author, Mr. James P. Howley, geolo- 
gist of B(. John, Newfoundland, we are enable to place the following 
interesting letter before the readers of the Gbologist. 

St. Johnt, New/oundiand, April t4th, 1889. 
Faonssos Jdlbs Uarcoc. 

Dear Sir, — I have read with the greatest interest your pamphlet on 
"Canadian Geological Classiflcation." Although I am but a field 
geolc^st and have neither time nor opportunity for Indulgence in theo- 
rising, I can appreciate your work, the more eepecially since many of 
your ideas coincide exactly with what I have always believed. For in- 
stance, I never, could see the sense of representing fauite to account 
for apparent incongruity where no fault was visible, or no facts to sus- 
tain such representation. On this head, and indeed on many others 
concerning which we differed, Mr. Murray and I had frequent discus- 
sions. Being B subordinate I was often obliged to give way, but in one 
or two notable instancea where I had clear, indisputable evidence to 
bring forward, he gave way to me. 

On our west coast the Carboniferous aeries of Newfoundland rests on 

'Pop. Sci. Mo., Nov. 1888, p. 2fl. 
' Am. Jour. Sci., Sept. 1882, vol. ixiv. 
'McGeer Am. Jour. Sci., (3), vol. xitiiv, p. 217. 
•Leidy; Proc. Acad. Nat. Sci., Phila., iixi, p. 32. 
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Lanrentian uid Lower Silurian.' In the former instance the absence 
of all the intervening formations conld only be accounted for by Hr. 
Mnrray \>y asBuming a gigantic break extending right through the 
island and bringing the Carbooiferons down against the Laorentian, 
burying the immense thickness of underlying rocks in the gulf of St. 
Lawrence. In 1873-74, 1 was sent to survey this section of country and 
examine it closely. I entirely failed to find the least indication of his 
great fault anywhere in the region. There was no getting orer the 
fact that it did not exist, and that the Carboniferous rested unconfor' 
mably both on the Laurentiau and Silarian without any such fault in- 
terrening. He was convinced of the correctness of my obserrationB 
and thenceforth remaved the line indicating this great break from hie 

Another ohserration of yours has also long been held by me, vis. — 
that Uiere is a great deal more in lithological resemblances than is 
generally conceded. I always maintained this against Hr. Hurray, 
who never placed much reliance upon it. Of conrse I do not maintun 
that it hslde good in every case, or that the lithological characteris- 
tics of a certain eeries of rocks in one country can be always taken as 
a guide to the same seriea in another, But there are certain well' 
marked characteristics in almost every formatjon which become famil' 
iar to one who has for a long time cloSely observed them, which al- 
ways act as a guide to him, at all events in other sections of the same 
country. At least I have found it so here. There can be no questioD 
that stratigraphy should be more relied upon than it generally is. 
There are many instances where theory and even palaeontology have 
had to give way. That reference to Mr. Walcott'e recent visit to this 
country, in your pamphlet is one. It is a great satisfaction to me learn 
this, for although Mr, Murray commenced the study of those primor- 
dial rocka, it was I who really worked them out, visited every locality 
where they outcropped and constructed the column representing the 
order of saccession of the various strata, I do not maintain that it is 
absolutely correct in every particular. It would take very mach more 
time than I was allowed to devote to the work to perfect it, and there is 
nothing that would give me greater pleasure now, than to do so, but un- 
fortunately I am so situated here, where purely scientiiflc work of that 
kind is so little understood or appreciated, that I dare not devote a 
season to it. It is from your pamphlet that I learned for the first time 
that Mr. Walcott has found our stratigraphy to be correct. You are 
quite right in placing the Topsail Head and Bryer's Head limestones 
beneath the Paradosidee beds of St. Mary's and Trinity bays. It is 

' The names Lower Silurian and Silurian are ueed for the upper and 
even the middle Taconic. The Potsdam of Great Bell Island of Bill- 
ings doee not belong to the Potsdam of New York, which does not ex- 
ist in Newfoundland, but seems to occupy the upper part of the col- 
umn of Primordial strata in the southeastern part of Newfoundland, 
and is very likely the homotaxis of a part of point Levis and Phillips- 
burgh groups.— J. M. 
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ftlBo true that a emaU Lingula is foond in a black fibate reeting imme- 
diately npou tbe limestone in the former locality, though not Be«D 
elsewhere in the same position. Tbere are seTeral other Lingulee in 
tbe Bell Island rocks, especially in s whit* sandstone at the very top 
ol tbe series, Mr. BiUiDgs believed these latter beds to be the base of 
the Potsdam. It so, they are above all the Paradoxides beds. Topsail 
Head limestone and Arcbieocyathns limestones of Trinity bay. They 
are also above the Eophyton beds ot Bell Island. 
The Lingalffi of Belllsland are chiefly i^'n{niI'II<>iptua,X.Ioi'«nJi,X.aJ^nu 
and Litiffula mun-ayi. The former occupies the uppermost strata. All 
tbe other rocks of this island are crowded vith fucoide, Cruziana Hmi- 
Jit, EophyUm linmemtm, E.jukeii, and Anthraria antiqitata are very 
abundant. In tbe Kelly's Island rocks which pass beneath those of 
Great Bell Island, fucoids are also abundant ond tbere is another Lin- 
gvla, L. htUingtiana. So trilobit«B have been found on either of these 
islands as yet.' The trilobites are all below and would occupy the in- 
tervening space between Topsail Head and £elly's island. If Mr. 
Walcott said we had noevidence for this sDpposition, he was very much 
astray. We have abundant evidence. In the first place the Manual 
Greek shales just above the Topsail Head limestone contain numerous 
small trilobites. The larger trilobites of St. Mary's, Trinity and For- 
tune bays all underlie strata similar to those of Kelly's and Bell 
islands, and are seen coming in contact, all conformably related. I 
know of no Olenelhu in any of these strata, unless Mr. Walcott has 
found such last year. The only OUntllui I remember occurs in a pink- 
ish limestone at Canada bay on the northern peninsula of the island, 
far removed, and evidently having no connection with the Conception 
bay primordial strata. These OlenrUi were long ago referred to the 
Potsdam by Mr. Billings and are just beneath a heavy outcrop of Cal- 
ciferons. There is nothing approaching Galciferous anywhere on the 
southern or eastern portion of this island, from Caps Ray to Cape 
Freels. 

Now for s few words with regard to the so called Quebec Group 
in Newfoundland. I have also bad much to do with that, and Mr. 
Murray and I held many conversations on the subject of its 
true positioD. Of course he always endeavored to reconcile everything 
with tbe structure as laid down in Canada, bnt this was a very difficult 
task. Whatever the serpentines and their associated rocks may be, 
whether igneous, metamorphic or whatever else, I am confident that 
in one locality at least in this country they rest unconformably upon 
Calciterous, Levis and Sillery^' In 1874 I surveyed the Port-au-Port 
bay and gave the exposures there the closest possible scrutiny. On 

' Fragments of trilobites occur on Great Bell Island. — J. M. 

'The name Calciferous used here, does not mean that it is the equiv- 
alent of the OalciferouB of New York, but only that Billings has called 
the Pointe L4vis and Phillipsburgh groups Upper Catciferoos iu New- 
fouQtlland. It is an erroneous synchronism. In western Newfoundland 
Mr. Howley has found the Georgia group with OlentUvt Ihompioni, di- 
rectly under the Point Levis group.— J. M. 
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xaj return I submitted m^ work vith sections, etc., to Hr. Hnrr«]r. It 
was as clear ae daylight that not ool j tlie Calciferous and Levis passed 
beneath the serpentine group, but the Sillery also. The latter was 
found in Beveral places resting quite conformablj' on the Levis shates 
with their graptolites, and always passing beneath the serpentinee, 
dolomites, etc. while the latter were found to rest on various mem* 
bera of the lower formation quite uu conformably. Mr. Murray was 
very reluctant to admit that the Sillery (always placed above the Lou- 
lonjcouldreally hold an inferior position; but when he became con- 
vinced of the fact and also of the unconformity, he grew' quite enthu- 
siastic. Here was at all events a direct disproval of the attempt to 
place the serpentines in a far inferior position. He wrote to Sir Wil- 
liam Logan, tben in England very ill, and sent my not«B with the maps 
and sections. Sir William, after a carefal study, was satisfied with 
the correctness of the work, and in one of the last letters he ever 
wrote Mr. Murray, he said "jrou have hit the correct »olatioji of the Que- 
beegroup." The position of the Sillery beneath the Louzon and the 
want oE conformity, explains many of the most knotty points connect- 
ed with this group of strata in Canada," or words to that effect. I am 
sorry I did not think ofobtainingacopy of that letter from Mr. Murray 
but I well remember his reading it for me. Of course I got no credit 
for my connection with the work. Now whatever may be the opinions 
entertained in Canada or the U. S., on this bead, I am prepared at 
any time to prove my work in that section of this island, to anyone 
who will visit it with me. I think Prof. Hyatt, two years ago, bore out 
my work there. There were other parts of this island where it was not 
so easy to determine the position of the serpentines, and indeed where 
the evidences seemed to point to a different horizon. I suggested the 
possibility of there being two or even more sones of serpentinons 
strata, not confined to the same horieon, but Mr. Murray would not 
entertain that view at all. Of course it was a mere suggestion ; I had 
no evidence to bear it out, but one thing is certain, were it the case, it 
would at once remove all cause for the conflicting views held with re- 
,gard to their true position. 

It is a great pity this island is not either part of the Dominion or 
United States, in which case its most interesting geological etrnctnre 
would be closely studied. I am convinced there ia no place in North 
America where the Eozoic formations are better displayed, more 
abundantly supplied with organisms, and where the outcrops are so 
numerous and accessible. Now that some of your geologists are 
beginning to find out how interesting the country ia, I hope we may 
be frequently honored with their visits. 

I almost forgot that while writing of the primordial rocks I should 
mention that I did not include the great formation of at least 10,000 
feet in thickness <Mr. Murray's Huronian) which lies beneath them 
here. Whether it shonld be included in the primordial or Taconic, I 
can uot say, but certainly in Conception bay the latter rests uncon- 
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formabl; npon the Haroniaii in several places. There are bat two fos- 
Bile tonnd in it bo far, ArmicQliUi tpirali* and Aipedello Urrattoviea.* 
Yours sincerely, 

James P. Howlxt. 

TBI TiBXiiiAL HoxAiHB RiAX LoDfsviLLE. Having lived for more 
than seventeen years on the "backbone" of Loi^ Island, N. Y. before 
coming to Loaisville, Ky., I vae naturally attracted by the clayey de- 
posits of this region, bo similar in character to the glacial deposits of 
Long Island. 

I was aware that the line of the terminal moraine of the great conti- 
nental ice-sheet was drawn farther to the north through central Indi- 
ana, but the more I studied the matter the more I became convinced 
that the glacier had something to do with the clay and cherty forma- 
tions of Kentucky. This opinion haa been confirmed by Profs. New- 
berry and Collett. Instead of a lobe of ice, however, flowing down a 
glacial river through central Indieuia to the Ohio, as described by Prof. 
Collett, there is evidence that the whole eastern part of the state was 
covered by the great ice-sheet. 

While the glactor seems to have taken a southeast trend, the streams 
under it Sowed in a southwest direction. Crossing the Ohio river at 
Louisville these subglacial streams seem to ramify very much the 
same aa those of Long Island. The Umeetone ridge east of Loaisville 
is very much broken, especially toward the south. In places iVentire- 
1^ disappears, or exists only in little roundisolated hummocks as it nears 
Uie knobs. Here a vast badn was formed which is now knownas "the 
wctwoods." The present outlet of the Ohio, through the knobs, 
could not have been sufficient to carry off the great flood of waters, 
and BO they became dammed up behind the Kentucky hills, or cut 
their way through forming them into the peculiar contour which they 
now present. If we follow ap ono of the old subglacial depressionB as 
far as the knobs we find it connecting with a corresponding depression 
In the hills, showing that at one time there must have been some re- 
lation between them, although water alone could hardly have pro- 
duced such results as are here presented. The summits of the highest 
knobs are not only worn into pot-holes, but there are well defined 
kettle-holes, and boulders of granite are often met with in the clay. It 
is true that these boulders are amall and have the appearance of being 
water worn, and the floods may have reached the height of four or flvft 
hundred feet, but the writer has found boulders of sandstone and 
granite lying together several miles up the river from the knobs at the 
height of ninety feet above the present level of the stream. These cer- 
tainly could not have been deposited by water unlese the wat«r ran up 
hill. The boulders referred to, lay exactly in the path of the glacier 
as it crossed the river from the New Albany, Ind. knobs. 

'These two fossils are the oldest organic remains found in North 
America. Tbey belong to the Infra-primordial fauna or Lower 
Taconic. — J. M. 
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It ifl weU to be careful in coming to anr definite cODOluBionln regard 
to tlieee phenomena, bat tbe^ are certainly worthy of ecientific atten* 

Long years of careful study of the drift formatione have convinced 
the writer that the glacial area in America ia m.ore eztenaive than has 
been imagined, and that no well defined terminal moraine can vnxU in 
its extreme eouthem limits. , 

Striae here and there may ^ide as in determining the general flow 
of the glacier, but they are not an infallible guide as to its extent, oa If 
has been demonstrated that glaciers move over surfaces without erod- 
ing or leaving scratches of any kind ; yet to maintain that none of these 
signs are produced by the motion of glaciers would be very absard. It 
woold be equally so to say that there were no terminal moraines be- 
caose they cannot always be well defined. The "backbone" of Long 
Island is very much broken and disjointed, but it would hardly be 
jnet to say that it had no vertebral column at all. There are wide 
gaps to be filled in along the line of the terminal moraine of the great 
American continental ice-sheet, and prudent geologists will be careful 
in drawing the line until more of the facta are known in relation to 
glaciers, especially one so startling and confounding as that which 
covered more than half of the uorth American continent. 

Louievjlle, Ky. John Bbybon. 



PERSONAL AND SCIENTIFIC NEWS. 

Another Burning Gas- Well has recently been discovered 
near Albert Lea, Minnesota. A well was being drilled, and at 
the depth of 63 feet a copious flow of gas was encountered. All 
these Freeborn county gas wells are shallow, not exceeding 75 
feet, and it appears in the light of the deep-well lately drilled 
at Freeborn through the Trenton to the St. Peter sandstone, 
and even to the Lower Magneaian limestone, not finding any 
increase in the supply, that the source of all of the gas thus 
far discovered in Freebom county is in the drift or in the 
Cretaceous, with the greater probability in favor of the drift. 

In B0ErJJ& FOR water on the farm of Mr. Charles Estle near 
Columbus Junction, Iowa, gas was encountered at a depth of 
about 120 feet. The well was bored in superficial deposits of 
sand and clay which have been laid down in post-glacial times 
by the Cedar River. The gas was almost odorless, and burned 
with a yellowish blue flame. The flame is reported to have 
been fifteen feet in length and three feet or more in diameter. 
After flowing for about twenty-four hours the supply suddenly 
ceased. Evidently the drill had reached a small reservoir of 
marsh gas which had been imprisoned under a capping of clay. 

Prop. Seth E. Meek of Coe Collbqe, Iowa, contributes to 
the AnnaU oftheNew York Academy of Sciences Ktxvataetiir 



,y Google 



Personal and ScientiHe Ifews. 127 

ing paper on the Fishes of the Cayuga Lake Basin. The 
list as given b^ Profeaeor Meek embracee 21 families and 59 
species including varieties ; 26 species are enumerated as food 
fishes ; 28 species are accounted valuable as food for other 
fishes ; and 5 are of little or no economic value. 

It need elicit no subprise to find the wives of our leading 
geologists making a name and reputation for themselves in 
the domain of science. Mrs. Anita Newcomb McGee is well 
known as a successful student of sociology and Anthropology. 
Some months were spent last year in persoaally investigating 
the Iowa communities at Amana and Icara. Among the 
recent publications from the pen of Mrs. McGee are Notes on 
American Communities^ ana Organisation and Historical 
Sketch of the WomerCs Anthropological Society of America. 

Peofessor C. H. Gobdoh, of Keokuk, Iowa, has been con- 
tributing a series of interesting articles on geology to the 
local papers, and thus has demonstrated in a very practical 
way what the teachers of our pqblic schools may do in the 
way of disseminating correct scientific information. Local 
interest in geology at Keokuk has recently been stimulated by 
the boring of one or two deep wells. As reported by Prof. 
Gordon the formations passed through are essentially the 
same as those penetrated by the deep well at Washington, 
Iowa and descrioed in the Geologist, Vol. 1, No. 1, Jan. 1888. 
One point of difference of especial interest, however, is the 
presence of heavy beds of limestone below the St. Peter's 
sandstone- Prot. Gordon reports that the St. Peter's was 
passed through at a depth of 1,0-50 feet, below which point the 
drill penetrated a succession of limestones alternating with 
calcareous sandstoneB.and that at 1770 feet, the depth reached 
at the last report, the drill was still working in hard hme- 
etone. 

It is possible that at Washington, Iowa, as suggested by the 
writer of the article referred to, the equivalent of the Lower 
Magnesian limestone had not been reached when operations 
were suspended. 

Theodore Dwiqht Woolsby, D.D., L.L.D., for years a 
commanding figure in the world's educational circles, died at 
his home in New Haven, July 1, 1889. President Woolsey is 
the name by which he has been most endeared and most wide- 
ly known. From 1864 to 1871 he was president of Yale col- 
le|;e ; the burdens of college administration being voluntarily 
laid aside inconsequence of advancing age. President Woolsey 
was the author of a number of books that immediately toofc 
and permamently held a high rank in their respective depart- 
mente of inquiry and investigation- His best work was done 
in the domain of social and political science. 
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That Excellent Monthly, Th« American NatwraliBt is 
for some unfortunate reason a little belated this year. Its 
March number reached ite subecriberB about the first of July. 

The PROPOBinoN of Major Powell, to construct large res- 
ervoirs in the Rocky mountaio region for the storage of the 
surplus water of the Spring months has much to commend it. 
The water that simply runs to waste at a season of the year 
when it is not needed, could be drawn upon during the rainless 
months of summer and made to fertihze large areas of the 
neighboring plains that are now practically a desert. In view 
however, of tne recent Johnstown disaster the scheme of stor- 
ing large volumes of water in artificial lakes excites in man^ 
minds more or less distrust. There are no engineering dim* 
cultlea in the way of constructing dams of adequate strength 
for all ordinary emergencies. The difficulties in the way of 
maintenance however are not easily met owing to the impossi- 
bility of knowing at all times where and in what way and to 
just what extent the structure is being weakened by the oper- 
ation of natural and probably unlocked for causes. A slight 
earthquake or flood of unprecedented violence may without 
a moment's warning, precipitate the whole flood of pent up 
waters on the valley below. Such reservoirs might last for 
centuries, and yet it must be admitted that they are an ever 
present menace to life and property. A recent number of 
Garden and Foreat raises the note of warning. 

The Legislature of Mibsouhi at its last session enacted a 
law authorizing a geological survey of the state. The law se- 
lects a commission of four distinguished gentlemen, from dif- 
ferent parts of the state, including the Governor of the com- 
monwealth, to initiate the 8urvey,appoint its chief officer and 
select its headquarters. It particularly specifies that the sur- 
vey shall not be connected with or controlled ijy any institu- 
tion of learning. An appropriation of ^10,000 a year for two 
years was made for use in carrying out its provisions. It is 
gratifying to know that the work so well begun by Shumard, 
Swallow and Broadhead is now likely to be carried on to its 
completion. 

Mr. Warren Uphau of the TJ. S. Geological Survey, will 
spend the summer in completing the work of tracing out the 
boundaries of the glacial lake whose ancient bed he discover- 
ed while at work upon the Minnesota survey and which he 
named lake Agassiz. He finds the lake-beach continuous and. 
clearly marked. Its basin covers an area six hundred miles 
in length and from thirty to three hundred miles in width and 
now includes several lakes among which are Rainy lake and 
the Lake of the Woods. 

Dr. Alexadbb Winchkll is engaged upon the study of" 
the Cretaceous fossils preparatory to writing a monogram up- 
on the subject for the U. S. Geological Survey. 
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DOUGLASS HOUOHTON. 
By Alix^hdm W:hcbbll. 
The fourth decade of the present century produced b body 
of geologic investigators whose brilliant acbievements consti- 
tute them a galaxy in the firmament of American science. 
The preceding decade had given birth to Eaton and Dewey and 
Green, and the lustre of Maclure's name had not yet faded. 
To a large extent, their example and teaching were the con- 
ditions of the advent of the great workers of the fourth decade 
— Edward Hitchcock, Ebenezer Eramone, Henry D. and W. 
B. Rogers, William W. Mather, Lardner Vanuzem, James Hall 
and Douglass Houghton — workers whose labors illuminated 
still more brilliantly the fifth decade, and one of whom still 
lingers to set an example of fidelity to a boat of younger com- 
peers and aspirants in this ninth decade of the century. Of 
the distinguished workers of the fourth and fifth decades 
Douglass Houghton was youngest. His fellow- laborers indeed, 
considered him young — too young, almost, for the aspirations 
which animated him, and the independence which character- 
ized his judgments. He was still young when his brilliant 
career was cut short — not too young to have left an impression 
on the science of the country, and to have determined a bias 
in the industries of his adopted State. 
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Douglas3 Houghton was the son of Judge Jacob Houghton' 
of Fredonia, New York. His mother was Mary Lydia Douglass, 
of Xew London, Conn., from whom he received his name. Judge 
Houghton had removed to Fredonia from Bolton, Mass., in 
1812. Hie ancestors came to America ahout 1758. The Amer- 
ican family is descended from an honorable English atocli 
residing in Bolton, Lancaster, from the time of the conquest. 
The name wap originally De Houton. The present head of 
the family is Sir Henry Bold Houghton, a member of Par- 
hament. 

The date of Douglass Houghton's birth was September 21, 
1809. His early constitution was delicate, but his intelligence 
was bright, and his nature was sympathetic and sensitive. He 
was reared amid the influences of books and high ideals. He 
was destined for an education, in the hopes of both his parents. 
His father, though settled in the wilderness of Chautauqua 
. county, was able to command the conditions which brought 
the realization of his hopes. The Fredonia academy was 
organized in 1824, and Douglass was among its earlier pupils. 
Though faithful to study during his academic career, tradition 
represents him as party to many of those pranks to which 
nature instigates so many of those whom she has chosen for 
distinction and influence. The boy who leads in' pranks is 
father to the man who leads his State. Douglass, by the edu- 
cational maxims of his time, was consigned to the usual 
routine of Latin drill ; but by the bent and appointment of a 
forceful intelligence, he was destined to a life of scientific devo- 
tion. 

This destination early revealed itself in many ways. Back 
of the orchard, a few rods from the residence, the Houghton 
boys made an excavation in the bank, and roofing it over, 
dedicated the simple structure to the uses of a laboratory and 
study. After some months, it became also, a powder factory — 
the requisite machinery and water power having been devised 
by the young Houghtons. One day an explosion occurred in 

'The sources from which the present notice is dran'o are a sketch 
by his co-laborer Bela Hubbard, in AmeT. Jotir. Set., u.. v, 217-227, 
Slay, 1848 ; a memoir recently published by Prof. Alvah Bradiah (8vo. 
302pp., Detroit, 1889) ; personal com munical ions from Mr. Hubbard 
who Btill resides in Detroit, and traditionB preserved in the memory 
of aurviving relativet and (rienda. Of Prof. Bradjsh's memoir I shall 
speak more particnlarly. 



ly Google 



DoufflatM Houghton. — A. Winchell. ISl 

thiB mill. DouglasB narrowly eecaped total blindneBS. TbiB 
accident was coincident, naturally, with a new trend in Doug- 
lass HouRhton'B Bcientific activity. 

At a youtliful age, DouglaBB entered the Van Renseelaer In- 
stitute at Troy, then under the charge of Prof, Amos Eaton. 
This destination was opportune. It suited the nature of the 
young man, and opened the way to the crowning of his hopes. 
Graduating as Bachelor of Arte in 1828, he waited but a few 
months to receive from Eaton the appointment of aesiBtant 
professor in chemistry and natural history. Such was hifl 
standing that in 1830, he was selected by Eaton to deliver a 
course of lectures on chemistry, botany and geology in the dis- 
tant and quaint old French town of Detroit. It is worthy of 
note that a course of scientific lectures had been provided for 
by the leading men of Detroit — Gen. Lewis Cass, Governor of 
the territory, Maj. John Biddie, Col. Henry Whiting, E. P. 
Hastings, Shubal Conant, Rev. Dr. Berryand others — let their ■ 
names be perpetuated for an example to the leading Detroit 
gentlemen of the ninth decade of the century, Hon. Lucius 
Lyon, adelegate in Congressfrom the Territory, wastocallon 
professor Eaton on this business. Though the youth of the 
the chosen lecturer dismayed the stately delegate, he soon dis- 
cerned adequate maturity of thought, and the course of lectures 
became the resort of the Hite of the town. 

This was Houghton's introduction to the State of Michigan. 
It was in 1830, and Houghton had just attained his majority. 
He was destined now to settle in Detroit in the practice of 
medicine. He had studied under Dr. White at Fredonia, be- 
fore his departure for Troy, and in 1831 he was admitted to 
practice by the Medical Society of Chautauqua county. In 
Detroit, his education, his talents and his affability gained him 
rapidly many friends whose devotion went with him during 
life. 

A few months after his arrival in Detroit, he received the ap- 
pointment of surgeon and botanist to the expedition for the 
discovery of the sources of the Mississippi, organized under 
the direction of Henry R. Schoolcraft. His report on the bota- 
ny of the remote and wilderness regions passed over, displayed 
extensive acquaintance with the science,aDd constituted a per- 
manent contribution to our knowledge of the; flora of the 
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Northwest, for which he still Btands credited in American 
Manuals. 

From 1832 to 1836, be practiced as a physician and surgeon, 
never relaxing however, his pursuits in natural science. During 
the visitation of cholera in 1834, he performed many acts of 
heroism and noble charity, for which be is remembered to this 
day. In 1836 he matured the scheme for the Geological Sur- 
vey of the state. To the promotion of the interests of this 
work he devoted the next nine years of his life. At this date 
geological surveys had been carried to completion in very few 
states or countries, but now an interest was arising which ex- 
tended throughout the Northern States. It is worthy of note, 
however, that the lead was taken by North Carolina in 1824, 
and South Carolina in 1826. Massachusetts had furnished an 
example and a stimulus to other northern States since 1830. 
The survey of Tennessee had been organized in 1832, that of 
Maryland in 1834, of New Jersey and Virginia in 1836. Acts 
were passed in New York, Maine and Connecticut in 1836, and 
in Ohio, Indiana and Michigan,' in 1837. Before the decade 
was closed, surveys had been ordered in Kentucky, Rhode 
Island and the mineral lands of Iowa and Wisconsin. There 
was a wide and active awakening to the importance of that 
modern form of scientific and economic enterprise which is ex- 
hibited in public geological surveys. 

An alert intelligence like Houghton's could not fail to enter 
into the spirit of the time, and there would be little difficulty 
in conceiving a practicable plan. To induce a population just 
emerged from a territorial condition to give their practical en- 
dorsement to such a plan, demanded gifts which were more 
than scientific. Only a born public leader could have carried 
such a scheme into effect. It ihust be remembered nevertheless, 
that for obvious reasons, the difficulty was less in those times 
than would be encountered to-day. Though the State was 
only a month old, Detroit, its capital, had been settled since 
1701. In the missionary operations of the Jesuits, Detroit was 
longacentral post, while in the wars with Indians, French and 
British, it was regarded as a strategic point. The military 
establishment was the nucleus of a spirit of intelligence, honor 
and respect for superior station and worth. Detroit was there- 
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fore already in advance of the average character of the west, or 
even of western towns. Those too, were days in which the 
leveling spirit of democracy had not destroyed the rightful 
influence of superior intelligence. The Legislature assemhled 
at Detroit was predisposed to listen to the judgments of such 
men as Gen. Cass, Dr. Zina Pitcher, Henry N. Walker, Maj. 
Henry Whiting, Charles C. Trowbridge, Stevens T. Mason and 
Dr. Douglass Houghton. Still, nothing less than the tact, 
urbanity and captivating humor whi^h distinguished Dr. 
Houghton, could even at that time, have secured an appropria- 
tion of $29,000 to be expended during a period of four years.' 
The financial crash which fell upon the country in 1838, was 
peculiarly di'stressing in Michigan, in consequence of the lav- 
ish scale of general internal improvements which the infant 
State adopted, and most of which were paralyzed during the 
years which followed. To sustain the heart of the State in a 
geological enterprise of such considerable magnitude was a 
greater achievement than to secure its original assent. 

To the geological reader the sketch of the next nine years of 
Houghton's activity embraces the culminating interest of his 
biography. It seems appropriate, however, to reduce to a 
minimum the exposition of the scientific results of his labors, 
and to restrict the present notice to a history of the man and 
his personal relations. 

Under provisions of the act passed in the beginning of 1837 
Dr. Houghton occupied most of the season in investigations 
relating to the "salt lands" of the State, donated by Congress 
in 1836. Many salt springs had long been known. HoughtOD, 
from surface indications and general principles, argued that 
the source of supply was a deep-seated formation which might 
be reached by boring or by sinking of shafts in the vicinity of 
the salines. Accordingly, the Legislature of 1838 appropriated 

'The total expended by the State for the sorvey during the four years, 
was tSl,6!)7.' In 1S41 the State made another appropriation of $6,219; 
in 1S42, one of t3,703 ; in 1B43, one of $2,020 j in 1844, one o[ $2,535 ; in 
1846, one of $1 ,832 ; making total appropriatione tor the Houghton sur- 
vey, $52,000. But of this $4,171 remained unexpended. The present 
writer in June, 1880, by request, transmitted to Director J. W. Powell, 
for the ose nf the United States Geological Survev, a pretty full "His- 
tory of the First Geological Survey of the State of Micnigan," embrac- 
ing memoirs of Dr. Houghton and others. It m^ here ^ added, that 
in November of the same year, he traoeinitted also a paper on "Public 
Qeological Surveys in Michigan under the Direction of ProfeHor Alex- 
ander WincheU.'^ 
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13.000 for Buch experiments, and Dr. Houghton located two 
wells — one near Grand Rapids and one on the Tittabawa«see 
river. To these enterpriaes much attention was given, and in 
them many difficulticB were encountered during two or three 
yeara, with an expenditure of $46,000 of special appropriations, 
but without attaining the results expected. The Tittabawassee 
well was carried down 139 feet and abandoned in 1842. The 
Grand Rapids well was sunken 876 feet, and abandoned in 
1843. Had Dr. Houghton been in posseesion of modern facil- 
ities for boring, he would probably have achieved Bucceas in 
the Tittabawassee well, and salt manufacture would have bfeen 
commenced in Michigan twenty years earlier than it was. 

The Legielature of 1838 placed the survey on a broader basis, 
authorizing departments of zoology, botany and topography, 
as subordinate to geology. Besides the requisite attention to 
the salt enterprises just mentioned. Dr. Houghton, this season, 
made explorations along the shores of lakes Michigan and 
Huron, and in some limited portions of the interior and south- 
ern counties. One cannot peruse the report rendered in 1839. 
without receiving a vivid impresBion of Dr. Houghton's geo- 
logical sagacity. Though he gives expression to certain in- 
ferences and suggestions which later studies have not justified, 
his obvious characteristic as a geologist is largeness of view 
and a tendency to grasp the geology of Michigan in its corre- 
lations with that of surrounding regions. He thinks the rocks 
of the northern part of the Peninsula "may be regarded as re- 
ferable to the great Carboniferous group ofthe state— a position 
to which their fossil contents are amply sufficient to substan- 
tiate their claim.'" Again, referring to the range of hills a little 
south of Thunder Bay river which "stretch in a southwesterly 
direction toward the head of lake Michigan," he says "they 
follow the line of bearing ofthe rock formation, and no doubt 
extend diagonally completely across the state, forming a por- 
tion of the summit of the more northern part ofthe Peninsula" 
(pp. 6-7. ) "The ridges of limerock," in the vicinity of Little and 

'Snch an opinion eannotbe considered adisparaging error, since the 
divitting line between the CarbnniferouB and the Devonian had not 
been clearly fixed in American geolofty. In his Firtt Annual Report on 
the Fourth District of New Yorh, Jamea Hall spoke of the limestones 
of the Helderbei^ niountain<i as "Carboniferous or Mountain Lime- 
stone." (Reporlt N. Y. Oeol. Sam., 1837, pp. 290,300.) A similar 
reference is made of that at Black Rock, etc. (p. 302, note, 307, 374.) 
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Grand Traverse bays "are without doubt, a continuation of the 
line of bearing of the great limeetone formation of Wisconsin." 
On the whole, however, Dr. Houghton reveals in this first 
glance at the general geology of the Lower Peninsula the tact 
and sagacity of a skilled observer. This report is accompanied 
by those of the various assistaQts. 

The report of observationa made by Dr. Houghton in 1889, 
dated February 3, 1840, is devoted to the Northern Peninsula. 
Thia and that of the following year, dated February 1, 1841, 
are the two most important and original contributions made 
by Dr. Houghton to geological science. In these reports he 
describes the rocks of the Upper Peninsula under the follow- 
ing divisions: 1. Primary Rocks, 2, Trap Rocks, 8. Meta- 
morphic Rocks, 4. Conglomerate, 5. Mixed Conglomerate and 
Sandstone, 6. Lower or red Sandrock and Shale, 7. Upper or 
Gray S^detone, 8. Sandy Limerock. The Primary Rocks 
consist chiefly of granite, syenite and syenitic granite. The 
extended range of Trap Rocks flanking the Primary rocks on 
the north or northwest (relative posirtons being reversed on 
the north shore — hence, he says, proving the basin of the lake 
synclinal) are themselves flanked on the north by amygdaloids 
which in part, result from the intense alteration of sedimentary 
rocks next in order. From the masses of greenstones proceed 
dykes (so called) which intersect the newer formations in 
planes conformable with their bedding. The writer gives a 
careful and particular description of the true veins which in- 
tersect the dykes, the amygdaloid and the sedimentary rocks,' 
but, like the dykes, they comform to the bedding of the amyg- 
daloid and the sandstone. These veins, he says contain native 
copper." 

The Metamorphic rocks consist of talcose, mica and clay 
slates, slaty hornblende rock and quartz rock. These are the 
rocks claimed by Emmons as representing the Taconic system 
in Michigan. To these must be added the argillites first 
reported as included in the "Lower Sandstone and Shales." 

'Beaides the dBFCriptiona embraced in thepe reporta, Dr. Hougliton 
prpflented a careful summary touching metalliferous veins, hefora the 

Aeaaciation of American Geologiets at Fhiladelphia, in IS-II. (See 
Transactiona, pp. Sa-88. See also, Amer. Jour. t-ci. 

'A atatemeut which aroused a discussiou in the meeting of 1343. 
Amer. Jour. Set. xlv. p. 160, 1843.) A report was made on the subject 
in 1844 (Amer. Jour. SH. xlvii, 132, 1844). 
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The Conglomerate, No. 4, and the Mixed Conglomerate and 
SandBtone No. 5. (constituting the Keweenawan aystem of 
Chamberlin and Irving) are made up of volcanic ejections — 
the sandBtone layers having the same greenstoDe composition 
as the conglomerates, but being finer and evidently deposited 
as sediments in shallow water. The "Lower or Red Sandtock 
and Shale," No. 6, at first supposed to represent the "Old Red 
Sandstone," ' then in 1843 the "New Red," ' was subsequently 
pronounced the equivalent of the Potsdam sandstone of New 
York.^ 

In his brief report dated January 25, 1842, Dr. Houghton 
says the survey has made progress, though the unavailability 
of funds has been a hindrance. He speaks of duties assigned 
relative to the boundary line between Michigan and Wiscon- 
sin. He makes mention of other detailed work in exploration 
of the Porcupine mountains, and the rivers in the western 
part of the Upper Peninsula. Though the field-work on the 
scale originally contemplated, is now nearly complete, a large 
amount of laboratory and office work remains, for which he 
asks and receives a small appropriation. In this work the 
year 1842 was occupied, as he informs us in the very brief 
report dated January 3, 1843. This was his sixth annual 
report. In his seventh, dated February 16, 1844, he simply 
states that work on the final report is making some progress, 
but slow. He speaks of progress made on the county maps, 
and pathetically asks an advance of 11,000 or $1,500, to be 
reimbursed from the sale of the maps, when completed. This 
is his last report to the State. Though the office of state geol- 
ogist was not abolished, no State report is found for the eighth 
and ninth years of his incumbency. 

In the meantime, however. Dr. Houghton, despairing of the 
ability of the State to complete the work, meditated a con- 
nection between the linear and geological surveys of the Upper 
Peninsula. His plan was fully set forth in a paper read before 
the Association of American Geologists in Washington, in 

' In the report of 1838, he oayB "The Old Red Sandstone in the vicin- 
ity of the Purcupine Mountains has been shattered similarly to the 
limestone of Mackiniic island." 

*rrani. Akoc. Amer. Oeol., 1843; Amer. Jow. Sci. ILV, 160. 

'This view was embodied in hia notes of 1846, reported on by Bela 
Hubbard. See Jacob Houghton's Mineral Region o/ Lak« Superior, 1846 
p. 118. 
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1844.'° The advantageB of such a combination were at once 
comprehended, and the project was warmly endorsed, and a 
committee appointed to "memorialize the proper department 
of the (Jovemment." The land commisBioner, however, fear- 
ing the ordinary BUrreyorB would not poseess sufScient geol- 
ogical information, hesitated, until Dr. Houghton himself 
offered to take the contract. This was signed June 26, 1844, 
and the remainder of that season and the season of 1845 were 
occupied in completing preparations and carrying on the 
work. His contract with the surveyor general was nearly 
completed, when the lamentable event occurred which put an 
end to his zealous and useful activity in the development of 
the natural resources of his adopted State. 

Dr. Houghton's death occurred by drowning, October 13, 1845, 
on the west shore of Keweenaw point, r.ot far from Eagle river. 
He was returning in an open boat, witl) four men, from a trip 
made to provision one of his parties. Overtaken by a severe 
snow-storm with high wind, about nine 'oclock in the evening, 
the boat was thrown endwise by the waves, and dashed on 
the rocks. Doctor Houghton, with two of bis voyageurs, was 
lost. His remains were recovered in the spring of 1846, and 
interred in Elmwood cemetery, Detroit. The place is marked 
by a monument erected by Mrs. Houghton. 

It would not be proper to extend this notice ; though it would 
be interesting and edifying to contemplate an analysis of Dr. 
Houghton's character, and seek to discover the elements of that 
power by which he commanded the respect, and even the ad- 
miration of all who made his acquaintance. This, however, is 
the less necessary, as his life and character have been so well 
portrayed by a surviving friend, professor Alvah Bradish," an 
artist of wide reputation, an appreciator of science, and a 
member of various learned societies, Mr. Bradish for many 
years, was Emeritus incumbent of the Chair of Fine Arts in 
the University of Michigan, and for several years delivered 
lectures. In this volume the biographical sketch of Houghton 
occupies 75 pages. It is followed by brief sketches of several 

^' Amer. Jour. Set. vol. Tlvii, 1844, p. 115. 

"Memoir of Dovglatt Houghton, firtt *tate geologial of Michigan. With 
an appendix containing repoTti ana abe(racti of the fint geological $urvey, 
and a ehronologieal itattment of theprogrett of geological exploration tn 
Michigan. By Alvah Bradish, A. M., Detroit : Eaynor 4 Taylor, 1889, 
8vo, 302 pp. 
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of Houghton's contemporaries and friends, appreciative 
notices, details of the final catastrophe, an account of th« 
Houghton portrait, a proposed monument, a memorial win* 
dow at Marquette, and various memoranda and notes. A 
selection from Dr. Houghton's letters occupies 20 pages. The 
Houghton portrait, painted by professor Bradish, haugs in the 
capitol at Lansing. As a portrait it is said to be faithful and 
true to life. It represents the geologist as standing on the 
rocky shore of lake Superior. His dress is that of an oub-door 
explorer — a loose ssmmer coat, without vest, with leather sus- 
penders, trousers of a lighter color, and high-top boote. Ho 
is resting and meditative. One arm is extended and rests on 
his hammer. The other holds his crushed and well remem- 
bered hat. A cliff of lake Superior sandstone rises in the back- 
ground, and in the distance opens "Tbe Portal," which 
constitutes one of the features of the "Pictured Rocks." A 
photo -engraved copy of this painting forms the frontispiece of 
t)}e memoir, and an impression of it accompanies the present 
sketch. 

With tbe geologist, another feature of the "memoir" will 
secure a cordial welcome, and that is the reproduction in tbe 
appendix, in abstract or in full, of all Dr. Houghton's reports, 
occupying 160 pages. As these reports have long been out of 
print, at the same time that they have been in very great re- 
quest — the demand seeming to increase with lapse of time — 
these reproductions will be a boon to all geological investiga- 
tors. They embody abstracts of tbe reports of Dr. Houghton's 
assistants. The fourth annual report, dated February 1, 1841, 
(89 pages) the most important of all, and containing the most 
matured results, is reprinted in full. The accompanying 
report of Bela Hubbard, (34 pagea) the most important 
one made on the Lower Peninsula, is also reproduced, and 
here includes a colored section prepared at tbe time, but not 
engraved. The report also of 8, W. Higgins, topographer, 
(26 pages) is fully reprinted 

Dr. Houghton died at the age of 36. His brief career was 
one of intense intellectual activity. He was a leader among 
men. His life opened with brilliant promise, and was adorned 
by many honorable successes achieved. Only an act prompted 
by an excess of enthusiasm and tbe virtue of personal daring. 
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gave opportunity for the «lenients with which he had so often 
toyed, to blot his name, too early, from the list of America's 
moat distinguished devotees of science. 



Bt a. F. Hatthbw. 

A new classification of the Cambrian system haa lately been 
proposed by Mr. C. D. Walcott, the well known palteontologist 
of the United States Geological Survey and has received the 
assent of Prof. Chas. Lapworth, The most prominent feature 
of this claesification is the basal position given to the Olenel- 
lus fauna which no doubt is in accordance with facts. Another 
point in this classification is the placing of the rocks contain- 
ing the Paradoxides fauna as Middle Cambrian ; with this the 
knowledge at present before the writer does not seem to agree. 
A while ago it seemed as though the Cambrian system was 
divided pnlffiontologically into three sections, the Paradoxides 
beds, the Lingula flags and the Tremadoc or Ceratopyge beds, 
which would thus be the Luwur, Middle and Upper Cambrian. 
But this "Upper" Cambrian was not only weak in bulk of 
measures, but in the genera it contained it exhibited a strong 
paleeontological affinity to the Ordovician forms, bo strong, 
indeed that by many European geologists it was classed as a 
part of the "Lower Silurian" system. 

The discovery by Mr. Walcott of many of these ao-called 
Ordovician forms, low down in the Cambrian strata of the 
Rocky mountain region, shows that a different interpretation 
may now be given to these forms, for they do not by their 
presence exclude the Ceratopyge or Tremadoc beds from the 
Cambrian. Kevertheless, under the classification proposed 
by Messrs. Salter and Hicks some twenty years ago, the 
Cambrian is divided into two great divisions only. 
The purpose of the present article is to review some of 
the evidence touching the faunas and the sedimentation of 
this system, and to compare the proposed division with that 
presented by Messrs. Salter and Hicks. 

Late discoveries in America and Europe and especially the 
enlargement of the fauna with Olenellus and the discovery, or 
rather the determination of its proper plac& in the Cambrian 
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Bucceesion, has lead to this proposal for a new allotment of the 
parts of the Cambrian syBtem, 

If the object in view were merely the arrangement of the 
members of this syBtem which may occur in any particular 
country, the sedimentation, or division into series, in that coun- 
try could be utilized for the purpose, hut as the object isia 
classification that will apply generally, other criteria must be 
Bought. Among those which have been used are the succes- 
sion of the several faunas and the relationship of the genera in 
each ; and the comparative bulk of measures in the several 
parts of the system. These form the basis of the following 
remarkB. 

The Cambrian rocks as originally described by Prof, Sedg- 
wick no doubt contained the Ordovician or Lower Silurian as 
well as the strata to which the name has since been restricted. 
These (the Lingula dags, etc.) were also claimed by Sir R. 
Murchison as a part of his Silurian system. In later times 
the conflicting claims of these discoverers have been compro- 
mised by assigning to each his own special domain, and erect- 
ing the disputed territory into a separate system, the Ordovi- 
cian. 

The development of the Cambrian system from its original 
basis in the Lingula Hags, etc., received a great impulse from 
the discoveries of Dr. Henry Hicks and the late Mr. J. W, Sal- 
ter in Wales; and especially in the finding of the Menevian 
fauna in South Wales, by Dr. Hicks. 

In the process of elaborating the Cambrian faunas, the first 
step was the discrimination of the two faunas in the Lingula 
flags in 1853. 

1865. In this year Messrs. Salter & Hicks made known the 
Menevian fauna, and showed the position of the Para- 
doxides beds in Britain. 

1866. In this year the Tremadoc fauna was distinguished in 
South Wales, and fully confirmed in 1872. 

1869. In 1869 Messrs. Hicks and Harkness described the 
great series of red, green and grey slates below the 
Menevian in South Wales, and showed the existence of 
a fauna older than that of the Paradoxides beds hut 
with no trilobites. 

Subsequently Dr. Hicks elaborated the Cambrian system into 
sav«a groups, but showing only four trilobite faunas, the first 
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or oldest not having been fouti,d by himin Britian. The groaps 

of sediments containing these faunas he classified as follows : 

Lower Cambrian. Three groups. — Caerfai, Solva and Me- 



Upper Cambrian. Four groups. — Maentwrog, Ffestiniog, 
Dolgelly and Tremadoc. 

It may be well to inquire what there is to support this classi- 
fication of the Cambrian system, before adopting a new one. 

Two principal criteria for determining a question of this 
kind would be the facies and Buccession of the faunas and the 
bulk of the measures. In applying these tests, we turn our at- 
tention first to Scandinavia, for In no other part of the world 
is there known such a clear, continuons and complete succes- 
sion of Cambrian faunas as in that country. 

Connection etc., of the Cambrian faunae. 

Of the several classes of organisms in these faunae, the tri- 
lobites may be taken, as the group which will best show the 
relationship subsisting between the several faunas, for they 
are the most varied, and were more sensitive to the changing 
conditions of environment than the others. 

In Brogger's admirable work on the Stages 2 and 3 of the 
Palffiozoic rocks of Norway, a table is given which shows the 
succession and range of the species in the Cambrian faunas of 
that country. Then as regards the neighboring kingdom of 
Sweden, Dr. G. Lindstrom's list (1888) of the fossil faunas of 
the Cambrian and Lower Silurian rocks is complete for the 
several zones of the Cambrian in that country. Combining the 
genera from these sources a full representation of Cambrian 
life in Scandinavia is obtained, so far as relates to the genera 
of the trilobites. 

The first or oldest fauna presents the following genera : 

Olenellus( •" Meson ACis) *ArionelltiS {=Agraulo8.) 

*Ellip80C6phalus. *Affnoetu8. 

Of these genera one is peculiar and three (marked by an 
asterisk) pass to the next fauna. 

In the second fauna are the genera. 
*Harpidet Anomocare. 

Paradoxideb (including Centropleura) 

Ellipoacephaluit Dolickometopus 

*Lioairact(.s (includes PtycJioparia.) 

Aneuacanthus (c.f. Centropleura?) 
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Conocoryphe. Corynexocbus, 

Elyx{= Ctertoaephahts.) Microdiscue. 
Solenopleura *Agnostus. 

Arionellus, (=Agrauloi.) 

Here are fourteen genera of which three are found at high- 
er horizons in the Cambrian system. Under Ziostracus the 
Swedish palffiontologietB include Ptychoparia which with Ag- 
nostus has a wide range in the Cambrian syetem, so that with 
the exception of these genera the break is almost complete, be- 
tween this fauna and that which follows. Conocoryphe as un- 
derstood in Sweden does not extend beyond this fauna. 

The third fauna contains the following genera : 
Lioatraeuaf Leptoplattus. 

Olbkus-I Eurycare (s.gen. oi Leptoplaslu8\) 

J*arabolina(3.zea.o{ O'enus^). *Affnostu8. 

Here all the genera and subgenera are peculiar to this fauna 
except the ubiquitous Agnostus, and Liostracus? 

But the connection with the next fauna is closer than appears 
from the names, aa some of the genera are closely related to 
thoae of the succeeding fauna. Eurycare especially is interme- 
diate between Ztptoplastus and Ctenopyge.. 

The fourth fauna has the following genera : 
* CyclognathuB (aubgen. oi Peltura\) 

Ctenopyge (s. gen. oi Leptoplastus.]) 

Peltura. SphcBTophtAalmus, (s. gen of Leptoplastus.f ) 

Protopeltura, (sub. gen. of Peltura-f) 

Boeckia (sub gen. oi Leptoplattua.) 
Aoerooare (sub gen. of Peltura.!) 

'Agnostus. 
Gyclognathua is found in a fauna above, but Peltura and 
Ctenopyge^ with its related forms, especially mark this hori- 
zon. 

The fifth fauna, which has a strong Ordoviclan facies, exhib- 
its the following genera : 

Cheiruras: Nileus. 

Pliomera. Symphysurus {s. gen. ottiileMB.^) 

°Sarpides- Niobe. 

Remopleuridea. ° Holometopua. 

°Triarihrua- Conqphrys. 

i See Brogger'a Etagen 2 und 3. 
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°DiCELLocBPHAi.U8. ° Parabolinella{s.gen.oiO\e'[mi.\) 

"Ceratopyqb. Amphion, 

°Euloma. Ampyx, 

Megalaspis. "Agnostus. 

Among these eighteen genera there are only about eight 
(inarkedby"°") which by their aspect recall the European 
types of the Cambrian trilobitee, and probably for this reason 
the Swedish palaeontologists regard this fauna as belonging to 
the Lower Silurian. But it evidently corresponds to the 
Tremadoc fauna, which by English pa Issontolo gists is reckoned 
to the Cambrian ; and late discoveries in America show that 
Nileus, Niobe, &c., also are truly Cambrian. 

In Wales, which has given its name to the Cambrian system, 
the succession of the faunas, their unity and their relative im- 
portance are much the same as in Sweden and Norway, but 
these features are obscured by the use of different names for 
some of the genera. 

Mr. Robert Etheridge's catalogues in the Geology of North 
Wales are the basis for the comparisons made here. In them the 
genus Conocorypke (as used by Mr, Salter) is made to serve 
for a number of Scandinavian and other genera. The figures 
of many of the species in this work are very imperfact, but for 
the purposes of this comparison the species in Oonocorypke 
may be distributed to Conocoryphe, Ctenocephalus, Liostra- 
cus, Ptychoparia, Sole/iopleura, Euloma, Paroholina, Para- 
holinella (?) Conocephalitea and Bicellocepkalua. 

In Wales the first fauna has produced no trilobites unless 
Conocoryphe viola belongs here. The second Cambrian fauna 
has a full representation as follows : 

Pakadoxides. Ctenocephalus. 

Plutonia (sub gen. oi Paradoxidea.) 

Anopolinus. Carausia. 

Solenopleura. Conocoryphe. 

*Ziostracu8 (oT Ptychoparia) Erinnys \c.i.) Harpides. 

Holocephalina. Mierodiseus. 

Arionellue ('^Affraulos.) *Agno8tva. 

Here there are twelve genera of which two only extend up- 
ward to higher borizons. 

t See Biogger Etf^n 2 und 3. 
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The third fauna (Lower Liognla flags) has the following 
genera : 

Olends. *Euloma~ 

'Paraholina. *Affnc8tut. 

Of these three extend upward to the higher zone, leaving 
only Oienue as peculiar to this fauna. 

In the fourth fauna (Dolgelly group) are the following 
genera : 
*Ealoma. Peltoka. 

*ParaioUna. ^hcBrophthalmua. 

*Pardholinella- (?) Oienopyge. 

* Conoe^haliteg. _ *Agnoatus. 

Five of these genera extend upward into the next zone. The 
Conocephalitea have heen called Dicelloceph-ali, but they are 
not the typical forms with spined pygidium, which occur 
higher; they are related to Conocephalitea (sens, strict) and 
Go7iocephaUna,j which has short spines found by Brogger in 
the Paradoxides zone. The genus ia not reported from the equiv- 
alent beds in Sweden, where the genera of the second column 
held possession, but it is found in the fauna of Hof in Bavaria. 

The fifth Cambrian fauna (Tremadoc group) exhibits the 
following genera. 

Pailocephalua. ^Ealoma. 

Asaphua. °Parabolina ( ?) 

Cheirurua. °ParabolineUa ( ?) 

"Angelina. °J)icellocephalu8- 

Neauretus. Conophrya. 

Niohe. Ampyx- 

Offypia. °Affnoatua. 

Dionide. 

In this assemblage of fourteen genera only six represent 
"Cambrian forms" of trilobites, but in the first column are a 
number of genera which, once thought to have appeared first 
at this period, are now found to be present in the West of 
America by representative forms at a lower horizon. Hence 
these, although hitherto regarded as Ordovician, as already 
remarked, are essentially Cambrian types. 

It will be observed that in the Welsh area the four Cambrian 
faunas, which have trilobites, show a correspondence of geQera 
+0m paradoxidesBkifrene ved Krekling. 
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with those of Scandinavia, and here ae there, exhibit a very 
decided palceoDtolo^cal break at the summit of the paradox- 
ides beds. Hence Dr. Hicks was justified in dividing the 
Cambrian groups of strata into Upper and Lower, accordingly 
as they were above or below this horizon. 

Having seen how the Cambrian faunas are related to each* 
other in Europe, we may now examine their succession in the 
eastern half of North America. 

To Mr. C. D. Walcott is due the credit of having determined 
the relation of the Olenellua fauna in this region to the rest of 
the Cambrian system. 

The clearest succession of the lower members carrying un- 
mistakable forms of this fauna is that which he has lately 
examined in Newfot^ndland. Combining the genera found 
there with those of (he Champlain and Hudson valleys we 
find the following. 

Olbnellus. * Zacanthoides. 

Mbsonacis. * Olenoides. 

* Paradoxides (Shalet) Bathynotut. 

Avalonia{n. gen. not yet described.) 

* Ptychoparip. ^Protyput. 

* AgrauloB. * Microdiscus. 

* SoUnopleura. ^Agnoetus. 

Of these thirteen genera it will be observed that two-thirds 
pass to the Paradoxides beds, and of the remai nder, Avalonia 
is not described, and Meaonaeia is by Scandinavian palfeon- 
tologists regarded as a subgenus of Olencllus. There is thus 
a much closer connection between this fauna and that which 
follows it, than there is between the latter and the faunas of 
the Upper Cambrian. Moreover the embryonic and larval 
stages of Paradoxides and Olenellus show that the genera are 
closely related. 

We have very little knowledge as yet of the way in which 
the Paradoxides fauna was related to that which follows it, 
since both in Newfoundland and Acadia the next zone has 
yielded very scanty remains of trilobites. Perhups the Mt. 
Stevens section where the genus paradoxides baa been foundf 
will yield the required information. In Newfoundland Mr. 
Walcott has found Olenua, and in the St. John area (Aca- 

t See this journal vol. in. No. 1 . (Jan. '89. ) 
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dia) Lepioplastus occurs. In the latter area also the fourth 
Cambrian fauna has been found, being indicated by the pres- 
ence of Ctenopyge Hagillifor. C. speetahilia and Orthia lenti- 
(Miliaria. 

A fuller presentation of Upper Cambrian forms is that 
which is found in the MiasisBippi valley in the etates of Wia- 
conain and Iowa, where there ia a succession of 600 feet 
of sandstones whoge fauna has been described and figured by 
Prof. Jas. Hall. He divides this series into three parte, the 
lowest of which contains forms similar to those at the base of 
the Olenus zone in Europe. 

In the middle division which ia most prolific of the 
remains of trilobites, are species which may be compared to 
those of the genera Olenus, Parabolina, Leptoplaatus, 
Eulonia and Conocephaliies. Dr. Dames compares others to 
Anomocare. It is only in the highest Potsdam division and 
in the bods above it according to Prof Hall that the typical 
Dicollocophali appear, and theee in Europe are found in the 
Tremadoc or fifth Cambrian fanua, Triarihrella occurring 
in Wisconsin with these Dicellocephali is compared by 
Brogger to Cifulognotkus, a genus of the fourth fauna and of the 
base of the Ordovician. The whole series of 600 feet in Wis- 
consin seems to belong to the Upper Cambrian. But the 
phase of the fourth Cambrian faunarepresented in Eluropeand 
Acadia by Ctenopyge and its allies is absent, probably from 
the want of favorable habitat. 

Comparative hulk of measures holding tlte faunas. 

The relative age and position of the Paradozidesbeds in the 
Cambrian system may be shown by the bulk of the measures 
in the different parts of the system. With our present knowl- 
edge this can be only imperfectly done, but the following 18 a 
comparison of the ma.ss of deposits in three different coun- 
tries. When the system has been more carefully studied in 
different parts of the world a more exact proportion in the 
sedimentation will be had. 

In Norway the Cambrian system has the following thiek- 
nesa." Ratio. 

Stage 3'>='''rema.loc or Cerntopygc fauna 45 feet 1.2 

" 2d-e=DoIgelly or Teltura fauna 40 " 1.0 

'* 2o-c=Lower Lingula flags, Olanufl fauna 110 " 3.2 

* Die Silur^Bclien Etugen 2 und S. 
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355 feet. lO.O 
Id Wales there are the following groaps of Cambrian strata : 
Ratio, 
fTremadoc 1000 feet, 1. 
^ Upper I Dolgelly 600 



Cambrian. 1 Ffestiniog 2000 

l_Maentwrog 2500 

( Menevian 700 

\ Solva 1800 

( Caerfai 1500 



Lower 
Cambrian. 1 



4.6 

2.5 
1.5 



10,100 10.0 

In Acadia the Cambrian sediments are intermediate in 
thickness between those of Wales and Norway. The average 
of two sections is the city of St. John gives the fallowing pro- 
portions : 

Ratio. 



Division 3=Doleelly (and Tremadoc) 600 feat . 

" 2=Ffeatiiiiog and Maentwrog 1050 " 

" l=iMeneviati and SoWa 350 " 

Series A 3=Caertai (?) 600 " . . 



. 2.5 

. 4.0 
. 1.5 



2500 10.0 

In Newfoundland Mr. Walcott has found the Olenua beds 

to be about 600 feet thick and the Paradoxides beds 370t feet, 

which agrees nearly with the thickness of these portions of 

the Cambrian system at St. John (New Brunswick). 

The Oleaus fauna is found in Newfoundland, but apparently 
Mr. Walcott has not discovered there the fourth fauna (Pel- 
tura) or the fifth fauna. We therefore are still confined to the 
three countries of Scandinavia, Wales and Acadia as giving 
the most complete presentation of the sedimentation and life 
of the Cambrian period. Combining the ratios for these three 
countries we get the following result. 

Qfnfral 
Noncay. }VaU». Acadia, Ratio. 

Fifth fauna Sta(!e.'Ia 

Fourth " ■■ 2d-e 

Third " " 2a-c 

Second " .... " Ic-d 2. 




































* The general average ia taken for this portion. 
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These facts do not favor the separation of the Paradoxides 
heds from the Lower Cambrian, or their erection into a sepa- 
rate division as Middle Cambrian. If there is to be a Middle 
Cambrian it would rather seem that the Olenus fauna holds 
this position. But as has been shown the faunal relationship 
of the Olenus beds to those which follow them forbids their 
separation, just as in the Lower Cambrian a similarity in the 
forms correspondingly connects the Olenelius with the Para- 
doxides fauna. 

THE MISSOURI RIVER. 

Bv ti. C. Broadhead. 

There remain certain features pertaining to the physical geog- 
raphy and geology of the Missouri not fully understood. 
Such I will briefly discuss, chiefly from my own observations 
which have been taken at the head of the main stream, at the 
Three Forks, Benton and Bismark, and extended from Sioux 
City to the mouth, the lower part having been studied both 
by land and water. 

The valley drained by the Missouri may be divided into 
three areas which differ geologically and topographically, viz. : 
Ist. The upper or mountain district; 2nd. The plains; 3d. 
The lower valley region ; or 1st. The mountain and igneous or 
volcanic ; 2d. The plains, or Tertiary and Mesozoic ; 3d. The 
lower valley or Palssozic. 

The Missouri is formed by the junction of the Jefferson, 
Madison and Gallatin at Gallatin City, Montana, lat. 45° 52' 
N., long. 113° 30' W. of Greenwich. These three streams take 
their rise amid the snowy peaks of the Rocky mountains and 
for 400 miles below the forks the. water is clear and beautiful. 
The latest revised estimates give 2,766 miles from the mouth 
to the Three Forks. Eariy trappers and voyageurs considered 
the Missouri as 4,000 miles long. The Three Forks are each 
from 200 to 300 miles long and bold and rapid. The Madison 
takes its rise in the southwest part of the Yellowstone park, 
being formed by the junction of the two forks of the Firehole 
river. The east fork is about ten miles long, the south fork 
about 25, traversing in its course the homes of the grandest 
geysers of the world and deriving its chief supply of wat«r 
from them. The mountains adjacent are of later Tertiary 
volcanic. Just east of this and but a few miles away the Yel- 
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lowatone takes its rise and passes through that wonderful and 
beautiful aheet of water, Yellowstone lake, 7735 feet above the 
sea, thence through rhyolitic cafionB and over grandly beau- 
tiful falls for over 200 miles, at last seeking the plains ; and it 
at length unites with the Miaaouri. The lower half of the Yel- 
lowstone paaaing thiough the ''Bad lands" partakes of the 
general character of the Missoari. 

Of the Missouri, 2,518 miles are navigable by steamboats from 
its mouth to Ft. Beaton. It can be navigated to the foot of 
the falls, 25 miles above Ft. Benton, or 2,643 miles from the 
mouth. The entire stream includes 2,350 miles of sandy river 
and 416 miles of rocky river. The general character of its 
channel, current, banks, and width and Its variable character 
of channel, current, banks and width do not differ from its 
mouth to the Yellowstone, 2,000 miles. It is decidedly mud- 
dy to the mouth of Milk river, 80 miles further up and not en- 
tirely clear until we pass the mouth of Marias river, 20 miles , 
below Ft. Benton. It really gradually changes its character 
from the mouth of the Mussel-Shell to Milk river, where it 
cannot be distinguished in its general character from the river 
far below. 

The banks in many placea, to within 200 miles of Ft. Ben- 
ton, resemble thoae of the lower river, and below that point, 
Cottonwood trees are often seen falling in and the banks cave 
as they do on the Lower river. Bird's Rapids, 100 miles below 
Ft. Benton, ia practically the last rapid. Below this to Bis- 
maik aro numeroui sandbars and as the river falls after the 
summer rise the channel at first is considerably spread out 
and is unreliable. 

Carroll is 2,356 miles above the mouth.and from that place, for 
1,300 miles down stream, the river seems annually to be sub- 
ject to changes by channel shifting and banks and trees falling 
in, and in this distance there are no solid rock ledges available. 

Between Ft. Benton and Bird's Rapids, or for 100 miles there 
are 24 serious rapids. 

The river bed is considered rocky only from its head to Car- 
roll. 

The Great falls, with intervening rapids and cataracts, ex- ' 
tend for 15 miles up stream, or from the mouth of Belt creek 
to the head of the rapids below the mouth of Sun river, and 
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include a totsl descent of 574 feet, including Black Eagle falls, 
26 feet, Rainbow falls, 20 feet, and Great falls, 90 feet 

Above the falls, the stream is generally too rapid and curves 
too sharply for steamboat navigation, but from personal ob> 
servation, I think that a channel depth of three feet can be se- 
cured on most of the rapids to Three Forks, certainly to 
"Gates of the Mountains." On this part of the stream there 
are practically no sandbars but the shoals are chiefly ob- 
structed by rocks of various sizes mingled with some sand. 
Below Atlantic cafion is Half-Breed rapids, one and a half 
miles long, and our time through it in a skiff was 4 minutes. 
Other sharp bends are Whirlpool rapids and Mandible point, 
-the latter just below "The Gates of the Mountains" where the 
stream flowing in one direction for 3 miles makes a detour 
parallel with its former course for 8 miles, separated only by 
a narrow ridge. There are estimated to be 33 rapids from 
Three Forks to "Long Pool." The Long pool is a quiet reach 
of 40 miles from Ulidia to the Great falls. 

The upper portion of the rivet is flanked chiefly by rocky 
cliffs, generally approaching near the water on one side, and 
retreating a little on the other, with grassy front. At "Gates 
of the Mountains" are cliffs 2,000 to 3,000 feet high for four 
miles on each side. At this place is a prominent point called 
"Bear Tooth" mountain, 2,500 feet high, a prominent feature 
for 20 to 40 miles away. Other prominent points on the upper 
river are Red Rock cafion, 1,000 feet, Black Rock 800, El Bo- 
rado 800 and Helena 800 feet high. Copper rock 1,000 feef. 
Atlantic Cannon 700 to 900 feet. For 50 miles below "Gates of 
the Mountains" the scenery is grand, the mountains high and 
clothed with scattering pines, the water clear, and the rocks 
weathered into many curious and striking forms as "Copper 
rock," DeLacy's point, Eddy rock 1,200 feet high at entrance of 
Atlantic cafion, Black Rock, Robber's castle, "Man and Wo- 
man," and Big rock 1,100 feet high. The area drained by the 
Three Forks is estimated to be 12,500 square miles and the 
rise at their junction never over 6 feet above low water mark. 
Ice gorges do cause a local rise a little higher and the snow 
melting in May causes the discharge to be 4 times the normal 
amount, and at the lowest 1-5 less. RobertB estimated the 
discharge to be : 
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Jeffpraon River 3,778.33 cubic teet per second, 

Madison " 2,670 

GallaUn " 2,073.33 

Total 8,621.60 feet per second. 

The area of the Missouri drainage, above the mouth of the 
Yellowstone is 93,000 square miles. 

That of the Yellowatone is 78,700 square miles, and both 
united 172,000 square mileB, The entire river drains 510,000 
square miles. The mouth of the Yellowstone is 2,000 miles 
above the mouth of the Missouri. 

A striking feature of the Missouri river is its remarkable 
impetuosity for so great a distance ; also the continual whirl- 
ing agitation of its waters, and the large amount of earthy 
material held in suspension. Its character seems different 
from other streams, and it imparts its own character to the 
Miesiasippi river below their junction. Its range of surface 
below Sioux City (781 miles from the mouth) varies from 16 
to 20 feet. The amount of water discharged is subject to var- 
iation. The observations of Col. C. R. Snter, at St. Charles, 
in 1879, showed a variation from 26,446 to 298,537 cubic feet 
per second for a range of 17^ feet on the gauge, or a low-water 
volume of 1-11 that of high water, and an ordinaryrange of 
gauge would give volumes of 15,000 and 430,000 per second 
for low and high water, or low water volume 1-28 of high wa- 
ter volume. At Sioux City the variation is about the same. 

The main valley consists of a great rock trough 1^ to 17 
miles wide. From Sioux City down, the bed at one time seems 
to have been filled with glacial drift, subsequently in part 
cleaned out. Boulders are found resting on the bed rock, 
sometimes cemented together with gravel and sand. These 
were found in excavating bridge foundations both at St. 
Charles and at St. Joseph. Below St. Joseph the valley aver- 
ages 2^ miles in width; above to Sioux City itis wider. 

The general depth to the rock-bed of the lower river, varies 
from 70 to over 100 feet. Most bridge piers have reached sohd 
rock. The velocity at St. Joseph at ordinary spring floods is 
3 8-10 miles per hour, at low water 2 6-10. At low water the 
channel at St. Joseph is 400 to 500 feet wide and 15 to 30 feet 
deep, and the difference between high and low water is 23 feet ; 
width at floods 1,420 feet. Rock is 43 to 48 feet below low wa- 
ter. There is a deposit of 40 feet resting on solid rock consist- 
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ing of boulders, pebbles, coarse and fine sand, the coarser be- 
low. Tbe velocity at St. Joseph at low-water is 2 to 3 miles 
per hour, and in doods as mncb as 10, 

Bank erosioo is constantly going on in the lower river; 
whole farms have been washed away in less than a decade of 
years, and tbe channel shifts from side to side ; what is dee- 
trbyed on one side may go to form land upon the other side. 
The general slope of tbe river averages 0.88' to the mile, both 
at high and low water (Suter). 

The actual navigable depth varies from 3 feet at low to 9 at 
high water. Col. Suter's observation at St. Charles gave, for 
sediment carried past for 1879, 5,508,229,008 cubic feet, the 
water discharge for tbe same time 2,335,143,946,400; and on 
July Ist, 1879, tbe amount of sediment transported would 
cover one square mile 4 feet, and during the entire year 197.58 
feet deep ; this not including that directly upon the bottom 
which if counted would increase tbe amount, even might 
double it. Tbe approximate width from Sioux City to the 
mouth of the Platte is 820 feet. From the month of the Platte 
to Kaw river is 960 feet. From the mouth of the Kaw to 
Gasconade it is 1,160 feet. From Gasconade to the mouth of 
the River it is 1,240 feet (Suter). Low water for the same 
would be (Suter) 650 feet, 83) feet, 1.020 feet and 1,100 feet. 

While the Mississippi valley including the Ohio, the upper 
Mississippi and the Missouri valley as far up as near Sioux 
City was dry land during PalseoEic times, and during tbe suc- 
ceeding Mesozoic and Tertiary periods, there lay just west a 
low ridge (or scarcely a ridge being mainly an approximate 
line whence strata dipped rapidly west) passing northward 
through central Kansas into eastern Nebraska and north- 
wardly. This ridge or very flat anticlinal prevented the waters 
of the Laramie seas from flowing eastwardly and formed tbe 
eastern mai^n of the Laramie brackish water lakes, which 
during a long period of time gradually and slowly settled suf- 
ficiently to receive the lignitic coals and other succeeding beds 
of clay and silt. After the close of the Laramie and during 
later Tertiary times, the fractures incidental to tbe volcanic 
outflows in tbe Rocky mountain and Columbia river regions, 
formed the channels for the Columbia, the upper Missouri, 
Yellowstone and other Rocky mountain streams. 

The lower Missouri already bad its existence. It dates its 
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EXI8TEK0E to the pcTidd of the OzAKK UPLIFT, 88 shown in my 
article previously published.' That article pertained only to 
the Ozarks and adjacent country, and althoughnot definitely 
deaignated I intended only to convey the idea of the age of 
the lower Missouri, and not of the upper portion. The upper 
river waa not then considered. 

The age of the lower Miaaouri, at least from Omaha down, 
la contemporaneous with that of the Mississippi from its head 
to the mouth of the Ohio. The Monoclinal along the eastern . 
border of the Ozarks is either directly in the channel of the 
Mississippi, or in hills near by, as ahown by eastern dipping 
of rocks, and strikes of low anticlinals passing eastwardly. 
The monoclinal along the northern border of the Ozarka is 
also very near the channel of the Missouri river, or in the 
bills adjacent, as proven by examination at numerous places 
near the river where the strata dip strongly to the North, and 
also by the several strikes of low anticlinals passing off north- 
wardly beyond the edge of the monoclinal. These effects were 
■ more fully discuaaed in my article on "The Ozark uplift." There 
are no rocks of later age than the upper Carboniferoua in this 
lower district. The effects of the uplift are alike along the 
Missouri and the Mississippi. One who has observed these 
features will readily come to one, and only one conclusion — 
THEY ABE OF THE SAME AGE. In wbat Way the lower and the 
upper rivers came to be connected has yet to be demonstrated. 
It took place either in very late Tertiary or just subsequently. 
There undoubtedly were streams tributary to the great Lara- 
mie lake, and the upper Missouri (above the "falls") may 
have been a developed tributary. While the lake dried out 
during the later Tertiary, various fissures were opened, chan- 
nels for streams worked their way along the descending slope, 
and through these fissures the waters of the upper Missouri 
passed and united with the lower river. 

After the Archean there was a period of quiet, permitting the 
deposit of 30,000 feet of strata in the eastern United States ; 
during the same time in Missouri 1,500 to 2,000 feet were de- 
posited, including the Magnesian limestone series of south 
Missouri. The total Palteozic aeries in Missouri amounts, to 
about 5,000 feet. 

The greater portion of the Ozark plateau has been dry land 

'This jonrnal. Jan. ISSO. 
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Bincethe close of the Cunadian period, -but it has been more 
or less Bubjected to slight oscillatiotiB from that time to the 
Permian. It began to rise juet after the Canadian. It waa 
above the waters before the Trenton period. From the Cana- 
dian to the beginning of the Lower Carboniferous it was dry 
land. It then became sufficiently depressed to receive lime- 
stone deiiosita near its outer margin during the early Subcar- 
boniferous, a few beds of later Chouteau, and early Burling- 
ton, This waa the last period of submergence of any part of 
the Ozarka. It again was subjected to elevation before the 
era of the Keokuk, and was subjected to slight throes inciden- 
tal to the uplift, which did not cease until after the Coal Meas- 
ures were deposited, but this waa continued through a long 
succession of time but ceased at the close of the Palreioic, its 
latter stage contemporary with the Appalachian revolution. 

During the Glacial and succeeding Quaternary, the lower riv- 
er was filled with boulders, sands and pebbles, now found in 
its bed. That the Missouri as well as the Mississippi was 
dammed or gorged at many places seems evident from the silt- . 
like deposits now so thickly strewn along the neighboring 
hills, and to which the term "Loess" has been applied. The 
drift abounds in north Missouri but is rarely found south of 
the Missouri, and I have recognized it only at about three 
localities 5 and 15 miles from the Missouri. In Illinois it is 
limited by the Ohio. From the southern limit it extends away 
north. The Loess is well recognized only near the Missouri 
and the Mississippi ; I speak of the lower Missouri. Its origin 
as well as that of the present silt along the Missouri is from 
the "Bad lands" of the upper river. 

For 400 miles below Ft. Benton the Tertiary and Cretaceous 
arc weathered into curious forms, and as far down as Judith 
river are numerous trap dikes causing rapids. For 600 miles 
on the upper river are occasional outcrops of lignite and most 
of that portion presents the well known "bad land" scenery. 
The rocks are often weathered into many curious forms and a 
common feature ie many standing columns forming numerous 
monument-like groups similar to tho^e in the "Garden of the 
Gods," Colorado. These are a very interesting feature of the 
scenery of the upper Missouri. 

To the Palccozoic cliffs of the lower river are given names 
which have become historic, as "Tavern rock," "Big" and 
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"Little BlosBom," "Arrow rock," etc., and on the MiesiBsippi, 
"Bake Dven," "Grand Tower," etc. The lower Ohio, (probab- 
ly all of the river) the upper Missiasippi (above the Ohio) and 
the lower Missouri are all of the same geological age. Begin- 
ning ab the close of the Palaeozoic or a little before, they were, 
soon after developed into lively running streams. The Mis- 
souri was probably a clear stream until joined with the upper 
Missouri after the later Tertiary. 

University', Columbia, Mo-, July, 1889. 
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paper by Prof. J. J. Stevenson, "The Mesosoic rocks of south- 
ern Colorado and northern New Mexico," pp. 391-397, based 
on such inexact principles that itconfuses all the stratigraphy 
of four systems of rocks, the Carboniferous, the Trias, the 
Jura and the Cretaceous. At the end of his paper professor 
Stevenson makes use of language such that it is impossible 
even to quote it. However I shall answer him, in order to 
give a little more light, taking special care to stay only on the 
ground of geological facts observed in the field, and published 
in official reports, or in scientific periodicals. 

1853, Mahcou. — New Mexico wa.'i geologically a complete 
terra incognita in 1853, when I reached it, after passing over 
another terra incognita from Little Rock, Arkansas, to the 
Llano Estacado. The Carboniferousisystem had been recog- 
nized in Iowa, Nebraska, Missouri and Arkansas, and its exis- 
tence had been signalized also on the San Saba river in Texas, 
and at Great Salt lake. The Cretaceous system was known 
to exist on the upperMiBSouri river, in Texas, and at Poblazon 
(New Mexico), without any attempt at any classification or 
synchronism with the Cretaceous of the eastern and southern 
states, and even less with Europe ; except for the vicinity of 
New Brannfel&in Texas, where Dr. F. Roemer had worked out 
the Cretaceous strata, giving aclaBsificationand synchronism, 
which on the whole has proved incorrect ("Texas." von Fer- 
dinand Rcemer, p. 373, Bonn. 1849). After passing over Del- 
aware mountain or ridge (about 97° longitude and 34° 60' 
latitude in the Indian territory, Chikasaws nation), I entered 
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iato the New Red Sandstone eeriea (Diaa and Trias syatemB) ; 
and after traveling weatward for hundreds of miles I met first 
theNeocomian, with a well characterized fauna at Comet creek 
(99° longitude aod 35° 50' of latitude) resting tincomformably 
upon the middle paTt(Mus'chelkalk) of the TriaBsic eyatem; 
and secondly the Jurassic system lying in concordanceof stratifi- 
cation over the upper part (Keuper) of the Trias at Encamp- 
ment creek on the Llano Estacado, but without fossils, and 
farther on at Pyramid mount, Tucumc&ri and Plaza larga 
area (longitude 101^ to 104° and latitude 36° 10') with a 
fauna of Jurassic Ostracece containing the most characteristic 
European forms. On reaching the settlements in New Mexico 
I found at Galisteo the upper Cretaceoua or white chalk for- 
mation of Europe characterized by a genus of fosail fish, 
Ptyohodns, confined until then to the white chalk of England 
and France ; and besides I recognized west of Galisteo, a Cre- 
taceous area which extends across the Rio Qrande del Norte, 
forming all the mesa between Albuquerque and the Rio 
Puerco. 

I will present my stratigraphical observations and 
classification of the strata of New Mexico, the Pan Handle of 
Texas and the Indian territory, as I made it in 1853, in the 
following detailed table. 



idvIdk tt>e order of a 



mouQbdD. (ArtioDi 
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Upper Cretaceoas 

White chalk. 
(New Meiieo.) 


Inotenmut. Oilraicimaetla: north of Oalliteo. IyIhe In 
dlioordanoe o( atratlHcetlon over or agalnil the wiit« 

LfOBxi^ RaTlnei of the RtO OalUteo. 

BaeaiUei and Ittoaramu: It lonni the whale MSM 
between Albuquerque and the aio Puereo. 
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Jdraisic 


and noutbem Enaland. Pyramid mount. A bed la full 
of well pre»erTe<rer™AaNi diUilata var. TucumeaTii and a 
rare Ojirea mariAi,,- K leet. Pyramid mount. . 
IV. White and yellow gandsCone. No touIK collected: 
113 feet. I'yramld mount. 

gandgtone enntalnfng numerous oalcareona concre(loa«. 
Broken [oailla undelemilnable. From Tucamcarl area 
the Jurspslc rooks conllaUB veitnard to Canon blaiiro. 
coTero Inscilptlon rocks and canonlto Boaito. the 
.andatoneadlf nredlirlded bj maili and yellow Ume- 
etoues Hllh two teama of bltnmlnoua ooal near Zunl. At 




Keoper. 


a. Variegated marla oc Uartui iriOeei, moat beaatKuUy 
developed at Pyramid mount; 800 (eet; nO lOBSila collsct- 

■ped; ijMo'^VSf 'no to^."!i°co1°ect«L"8M^fro^*nte- 
lnpe hilli to Antocbico and Zuni. 


TRiaawc 


Ungcbelkalk. 


"■nJ'n?"""'" "°"' " f »"l°'4en l^'twVe"''Roe''k' ilVj 
d._^Ked Clay with BTP- J r^l^^^/.^S^ '^SS.nl'o'tX'Ia'i 




Bunter 


b. Redsandiloneand 


2.0[» feet. No foaalle collected. 
Seen from old fort Arbackle or 
Baavertowu t» Rock Mary (Indian 
teriltoryj. at Tiieras. and on tha 
Colorado Chlqulto betwevn Llth- 
Ddendron creel andCanon Diablo. 


Dvawlc 
IJtrmlimi 


the Rio Colorado Chlqulto, between Canon Diablo and 

friendly handa; they were never publlahed or referred 

Topofkl creek area (Indian teirltoryj. No fcualli col- 
l«t«d. 






C*W 


,ijir- 


bonlferoui fauna, n 
ware rldje (Indfan 
BlerradaBandla am 


nealone and marla with a rich Car- 

tetritoryl: I^ecoa yillajte TIJeraa. 
Sierra de Zunl (New Mexico); and 
I.comou.italn.(ArI«cua). 



AU my obaervations were carefully checked while in the 
field and afterward T took care to publish them with minute . 
exactness both as regards the text and as to geological maps, 
sections and plates of fossils. Prevented by JefT Davis, then 
Secretary of War, from publishing my report in full — a case 
unique in government official reports — I was obliged to have 
recourse to foreign periodicals, and finally to publish my 
observations at my own expense, in the English language and 
in a foreign land, at Zurich (Switzerland). Here are the 
titles of the principal papers and memoirs, in which are in- 
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aerted in full my reeearcbes along tbe 35th parallel of latitude 
(1) "Resume of a geological reconnoieBaDce extending from 
Napoleon, at the junction of the Arkansas with the MiBsisaip- 
pi, to the Pueblo de los Angeles in California." {Report of 
Secretary of War. House Document 129, in Lieut A. W. 
Whipple's Report of explorations near t/ie thirty fifth par- 
allel, chapt. VI, pp. 4048. Washington, 1855.) A corrected 
edition of that resume was published at the end of vol iii, pp. 
165-171,of the quarto edition'of the Pacific railroad explor- 
ationt. Washington, 1856. (2) "Geological notes of a sur- 
vey of the country comprised between Preston, Red river and 
El Paso, Rio Grande del Norte." Rep. Sec'y War, House 
Document 129, in Bvt. Capt. John Pope's Report of explora- 
tions near the thirty-second parallel, chapt. ziii, pp. 125-128. 
Washington, 1353. (3) "Resume d'une carte geologique des 
Etats-Unis et des Provinces Anglaises de I'Amcrique du Nord, 
avec unprofil geologique allant de la vallee du Mississippi aux 
c6te8 du Pacifique et une Plancbe de fossile" {Bulletin Soe. 
Oeol. France, t. xir, pp. 813-936, Paris 21 Mai, 1855). This 
geological map is the first map giving tbe Geology west of the 
Mississippi river to the Pacific; along the 35th parallel, tbe age 
of tbe rocks, their position and geographic distribution are 
exactly given ; outside of tbe road followed by the expedition 
the geology is only approximative, as no geologist had ever 
traveled over the ground. The geological profile or gen- 
eral section from the Mississippi river to Los Angeles is 
tbe only general geological section we possess even to this day 
of the country extending between the Mississippi basin and the 
Pacific shores ; finally the plate of fossils made by Humbert, 
the artist who drew the fossils of Barrande and Deshayes, and 
who was considered the first draftsman of his time, represents 
tbe Oatracem found by me in the Jurassic system and the 
Neocomian of New Mexico and the Indian territory, and ia 
the best and most beautiful plate of invertebrate American. 
MesozoiC fossils published even to this day. (4) "Geology of 
North America, with three geological maps and seven plates 
of foBsils." 4to Zurich, 1858. One of the maps represents the 
geology of central New Mexico from the Llano estacado to the 
west of Zuni, scale, 1 :900,000. It is not only the first detailed 
geological map of New Mexico, but the only one which gives a 
rational classification and exact distribution of the locka even 
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though more than thirty years have elapsed since its publica- 
tion. The Mesozoio foaaile are represented on five plates, well 
executed, and they tire descrihed under the names of : Piycho- 
du8 whipplei, Amtnonitea shumardi, Am. helknapii, Am. 
peruvianus, Am. gibhonianwa. Am. novi-inexicani, Ilamitei 
freTnonti, Inoceramus lerouxi, Isocardia washita, Oryphxa 
ainuata var. americana, Qriiphaa pitcheri, Holaster com- 
ancheai, Oryphwa diiatata var. tucumcarii, and Ostrea mar- 
skii. (5) "I,etter on some points of the geology of Texas, New 
Mexico, Kansas and Nebraska," Zurich 1858. And finally (6) 
"Une r^connoissance geologiqiie au Nebraska." {Bull. Giol- 
Soo. France, vol. xxi, pp. 121-146, Paris, 18 Janvier 1864). 

Now let ua give by order of dates the claBBificationa of the 
geologists who have succeeded me, covering either partly the 
ground traveled over by me, or who without going at all into 
the fieId,have,however, expressed their views on the classitica- 
tion of strata and on Mesozoic fossils found in the same area 

1867, Hall. — Mr. Jamea Hall, after having in his hands 
without my consent or even knowledge, my specimens,* and 
my field-notes book, besides making use of my general 
geological map of the United States, with the geological sec- 
tion from the Mississippi river to Loa Angeles, and the plates 
of Mesozoic Ostracece, came to the following conclusions, 
which he recorded first in l%56(jPaci£e railroad ewploralions, 
4to edition, vol. iii, chapter ix), and second in 1857 (Ji'exican 
boundary survey, vol. i, pp. 135-136.) Here is his table of 
classification : 

II. — Table ahowintt the ordt^r ot euc(*8«ion and clas-'^ificatinn ot the 
MeHozoip series of Texas, the Indian territory and Kew Mexico, by 
James Hall, 1857. 
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. Arenaceous clHV=-fox Hill ^roup.' 
IV. Plsaiic clay=Pfirt Pierre gronp. 
III. Colpareoaf marl= Kiobrara division. 
. II. Clay=Fnrt Bentnn group. 
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If we compare this table with table I, we see that Mr. James 
Hall has placed in his Lower CretaceoUB No. 1= Dakota group, 
all the strata above the Carboniferous system, recognized by 
me in 1853 aa belongiog to the Neocomian, the Jurassic sya- 
tem, the Triaesic system and the Dyassic (Permian) system; 
nullifying all the stratigraphy, the litbology, and what is worse, 
also the palaeontology. 

It is a mietake similar to that of placing 25,000 feet of pre- 
Potsdam strata, called Taconic system by Dr. Emmons, in 
parallelism with the Hudson River group and the Oneida con- 
glomerate ; Mr. Hall going so far as to use the same expres- 
sions of "unquestionable," "unequivoc&l,"applied in both cases 
to fossils and series of strata, which he tried to suppress. And 
in order that no equivocal understanding may be applied to 
hia classification, he has colored on a geological map entitled : 
"Map illustrating the general geological features of the country 
west of the Mississippi river" all the road explored by me from 
Delaware ridge (Indian territory) to the Tucumcari area (New 
Mexico) as covered only by the Dakota group or Lower Cre- 
taceous No. I, which singularly enough does not exist therein 
a single spot. 

That classification has been accepted, defended and used in 
papers, in manuals and in geological maps until 1887, by 
Messrs. J. D. Dana,' Meek,' W. P. Blake,' the two brothers 
Drs. Shumard,* C. H. Hitchcock,' R. H. Louhgridge " and W, 
J. McGee.' An extensive literature based on it exists, of which 
I give here only a small portion. 

The determination of my Mesozoic fossils by Mr. Hall has 
been accepted, defended and used in all the palsontological 
papers, or stratigraphical papers in which lists of fossils have 

' Amer. Jr. Sci. vol. xxvi and xivii, 1858-50. Manual of Otology, 
etc. 

' Proreed. Acad. Xat. Sci.; Philadelphia, 1857-60. 

' Amer. Jr. .Sci., vol. xxli, 1856. Pacific railroad expUtrationt, 4tO 
edition, vol. in, and vol. ii, 1856. 

* Fint report of tht geographical lurvty of Texai, 1859. Trant. Acad. 
Sci., St. Louig, 1800-61. A partial report of Ike geology of wetterti Texat, 
Austin, 1886, etc., etc. 

.* Oeolngieal map of the Vnited Stale*, eompiled for the 9th censua, 
1872. Gfological map of the United States and part of Canada, compiled 
for the Anier inetitnte of mining eiifttneere, 188G, etc. 

* Ninth cemnt. Report on cotton production in tkf. United Statei, 1884. 
' Map of the United Stales exhibiting tlie present statu* of kaowUdge 

Tfliiting to the arealdislributionof geologic group*, 1884. IFifth Ann. Rep. 
U. S. 'Grill, larvey.) 
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beea given, until 1887. And more, until now, it has been the 
custom among paleontologists to quote aU th« foeeils de- 
scribed and figured by their predecessors ; but an exception 
has been made for me, and Dr. Benjamin F. Shumard, F. S. 
Meek, and Dr. Charles A. White have simply passed over my 
palffiontological work on the Meeozoic fossilB of Texas and 
New Mexico, as if it did not exist. Dr. C. A. White goes bo 
far in his "Review of the fossil Ostreids of North America" 
{FoMTih jlnn. Rep. U. S- Oeol. ivrvey, 18S4), as to give as a 
new species, under the name Exogyra loalkeri, an enormous 
Oryphaa, the lai^est existing in America, which I have 
described with a splendid fignre as Oryphaa einvata var. 
americana, thirty years before him ; and he adds that the 
O.pUchori described by Morton waa originally discovered in 
the Cretaceous strata of New Jersey, contrary to the printed 
opinion of Dr. Morton and where the Q. pitcheri does noi 
exist. Anally on plate xlix, be gives Fig. % the lower valve 
of my 0. dilatata var. iucumcarii aa belonging to the 
6. pitcheriy thus adding to the confusion introduced by the 
determinations of Mr. Hall. The only geologist who has 
quoted my Mesozoic fossils of Texas, is professor Robert T. 
Hill, in his paper : "The Texas section of American Creta- 
ceous" {Amer. Jr. Set., vol. xxnv, 1887} and he, probably 
misled by the determination of Mr. Hall, has confounded the 
0. dilatata var. tucumcarii with the O. pitcheri; and the 
Ostrea marthii with the Oatrea aubevata; only now, after a 
visit to the Little Tucumcari mountain, in September, 1888, 
he is convinced that the Orypheaa tucumcarii, ia an entirely 
different species from the Qryphaa pitcheri, and was rightly 
referred by me to the Jurassic type of QryphtEa dilatata. As 
the main part of the controversy and the principal ground 
for the rejection by Mr. Hall and his associates of the exis- 
tence of the Jurassic eystem at the Tucumcari area ia based 
on the erroneous identification of the Qryphaa tucumcarii 
with the Oryphaa pitcheri, I shall quote Mr. Hall's own 
words: 

"In a section of Pyramid mount given by Mr. Marcou (Bul- 
letin Soc. Oeol. de France, tome xn, p. 878) he recognizes a 
series of sandstones and clays beneath limestones, which are 
of unq^iestioTUible Cretaceous age. 
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L Q. vblto limeMone 



"The explanations of the section quoted above are those 
given by Mr. Mareou. The designations at the right handare 
those given by him in the text accompanying the section." — 
The designations given at the left hand are those given by 
Mr. Hall {Mes^ican boundary line, p. 135, vol. i, Washington, 
1857). 

Mr. Hall adds, p. 136 : "Having examined the specimens 
in Mr. Marcou's collection from this locality I have no hesita- 
tion in saying that the specimens labelled by him as Gryphta 
tucamcarii {6. dHatatayar. tucumcarii, Bud. soc. geol. de 
France, torae xn, pi. 21) are the Oryphmii pitcheri of Morton 
and present no features either in formBiCharactera.or condition 
of preservation, or otherwise, which can serve to distinguish 
them from Gnjfhma pitched, in the boundary survey collec- 
tions, from strata forming a continuation of the Llano 
Estacado," 

Mr. H%11 has figured and described my specimens from 
Pyramid mount, and from Comet creek, in Pacific. Ji. S. 
explorations, vol, in, pp. 99-100. The 6. tucumcarii figured 
was chosen from some rolled and badly preserved specimens; 
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and notwithstanding this it has absolutely nothing in com- 
mon with the O. pitoheri figured on the same plate. The 
description is inexact and fails completely to give an idea of 
the fossils: and besides the assimilation that Mr. Hall 
attempts to make with the O. vtaieularit of the white chalk 
is as faulty as it is possible to imagine, for the two Chyphaa 
have no resemblance whatever. 

As to the Oryp/uBa pitoheri which Mr. Hall calls var. 
navia, it is the true 0- pitcheri of Morton and Roemer, found 
by me at Comet creek near the False Waahita river. Mr. Hall 
has copied on his plate the figures of my plate of the Bullet^ 
BOO. geol- de France, and he was plainly so little acquainted 
with the fosBil that he put fig. 10 as the side view of fig. 9, when 
it is the aide view of the upper valve of Oryphwa tucumcarii, 
which has nothing to do with the Comet creek specimen. Mr. 
Hall is also incorrect in the locality given {PaoiHe Ji. R. 
explorations, vol. m, p. 100), saying: "The same {Q. pitcheri 
var. navia) has likewise been brought from numerous other 
localities in the west." That (?r35>A(Bo has actually never been 
found in the west, and the numerous paleeontological publica- 
tions of Meek do not make any mention whatever of its exis- 
tence in a single western locality. It was never found outside 
of the Indian territory and Texas, and last year only in south- 
ern Kansas, which seems to be its northern limit. 

One example, among many wbich could be quoted, will 
show the infiuence exercised by the erroneous determination 
of my Jnrassic fossils of the Tucumcari area by Mr. Hall : 
"Although some of the strata which Mr. J. Marcou described 
as Jurassic and Triassic are, perhaps, of that age, still he 
based his conclusions chiefly upon foBBilfi which have since 
been recognized as Cretaceous forms." {Explorations across 
the Great Basin of Otah in 1869. Simpson. Geology by H. 
Engelmann, p. 274, Washington, 1876). 

Everything is so inaccurate in Mr. Hall's identifications, 
descriptions and figures that we are driven to the conclusion 
that his knowledge of the genus OryhBa is well nigh a blank, 
\i& well zoologically as geologically. 

1858 AND 59, Newbehry.— In 1858 Dr. J. 9. Newberry made 
a reconnoissance in New Mexico which touched my road of 
1853 from Aztec Pass in Arizona, to Pecos village. Here ia 
the resume of his classification : 
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j Upper Cretaceons of the white meaa, Moqai country. 

Lower Oretaceons= Dakota groap or Loner CretaceooB 

CxBTACKOua. J No. 1. Iq it at Moqni village, Br. 

STBTW, I Neivberry eaye that he found the 

Oryp'htea pilcheri of the Neocomian 



Dr. Newberry dectarea that there is no Jurauic lyttem on the route 
tollowed by Mr. Marcou from Zuni to Pecos village. But at the 
Mo<:]Ui Pueblo— not visited by Marcou— he found a lignite or coal bed, 
which be is inclined to consider either as Jurassic ( 7) or Upper 
Trias. (T) In his sections and on the geological map, that lignite bed 
!b included in his division of "Variegated marU." 

TstAS ( Variegated marls of the Moqui country, comprising the 

(in Dart) 1 ^^'tferous sandstoDeond Salt ^onp of the fortDefiance 
•^ ( country andof the vicinity of Pecos village. 

Redsandatone formation and Uagncsian limentene of 
Mr. Marcou, at the croaking of the Rio Colorado 
Cbiquito. Blood red and yellow marble of Cascade 
river, called Permian by Ur. Marcon. <I never saw 
Cascade river.— J. M.) 

BrsTiii, at Cascade river. 

Thegeologioalreport of Dr. Newberry ia published in the vol* 
nme of the "Colorado exploriog expedition," Lieut. J. C. Ives, 
4to, Washington, 1861. Itcontains three plates of fossils and 
two geological maps. In the geological map No. 2, Dr. New- 
berry not only suppreases the Dyas (Permian), which he ad- 
mits in a certfun degree in his report, but he also colors as 
Carboniferous a lai^e area of Trias, from Big Dry Forkto Cas- 
cade. He colors the Trias on only half the area it really oc- 
cupies there, and as I colored it on my geological map of 
New Mexico of 1863, and on my general geological map of 
the United States of the same date, and finally Dr. Newberry 
colors on his map No. 2 as Cretaceous, not only the Creta- 
ceous beds there, but also all the Jurassic system and all 
the Eeuper of the TtiaaBie aystem, which covers lai^e areas 
between Moqui and Zuni. 

Dr. Newberry baa "failed to recognize the Jurassic forma- 
tion in any of the localities where it has been said to occar"by 
Mr. Marcoa,referring it to the Cretaceous of the upper Missouri 
valley or marly ch^k (Turonian) "the Triassic formation of 
Mr. Marcou" is so much reduced, that its thickness ie only 
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half of what I said it was ; and as to the recognition of the 
Banter sandstein, the Mnschelkalk and the Kenper, Dr. New- 
berry said, whether those three formations "will ever be fally 
identified in New Mexico, I regard as doubtfal." 

So that Dr. Newberry in his exploration of New Mexico of 
1858, five years after my exploration of 1853, and with all my 
publications available, did not recognize the Dyas (Permian), 
admitted relactantly half the thickness of strata which I have 
referred to the Triassic, did not recognize the Jurassic system 
at a single place where I had located it, and finally recorded 
the existence of the Qryphma pitcheri ' of the Indian territory 
and Texas, at Moquis Pueblo, at Cafioncito Bonito, at Covere 
and on the bank of the Rio Pecos, which if it had been proved 
correct by the numerous explorations made since, would have 
shown that Dr. Newberry had discovered the Neocomian in 
New Mexico. 



OLACIATION OP HOUNTAIN8 IN NEW ENGLAND AND 
NEW YORK. 

Br Wabbkk UTHIM. 
Read belote the Appalublin IfonoMla Clnb, April IT, 1889. 
I. 
Mountains have special interest for the glacialist in their 
testimony of the direction of the currents of the ice-sheet and 
its maximum thickness; and nowhere are mountaioa more 
instructive in this respect than in New England and New 
York. If we include also northeastern Pennsylvania, we find 
here the only summits that stood above the surface of the ice- 
sheet on the north-eastern part of this continent, excepting 
that in northern Labrador, adjoining Hudson strait, moan- 
tains similarly rose above it. The top of Katahdin, of Mt. 
Washington, and of the Adirondacks projected above the ice 
during the greater part of the epochs of glaciation, but, except- 
ing Katahdin, were wholly covered when the ice attained 



at Belvidera <KanBaB}, on Medicine river, south of the Gre&tbend 
ol the Arkansas river, and has traced it even as for north as HcFher- 
son county, north of the Arkansas, which is the northern limit of 
Oryphtia pitohtri aod of the Neocomian iBvlUtin Wa$hbvmc«lUge, vol. 
n. Bo. 9, p. 3S, Topeka, Kansas}. 
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its greatest depth. That this is true of Mt. Washington is 
shown by rare transported bowlders found by professor C. H, 
Hitchcock on this highest suminit of the White mountainB, 
6,293 feet above the sea. 

In the Ice Age, the lateat completed period of geologic his- 
tory, the climate of the northern half of North America be- 
came very cold, with so much precipitation of enow that the 
summer's heat was not sufficient to melt it. The depth of the 
snow therefore slowly increased &om year to year, until its 
lower portion became changed to ice by the pressure of its 
own weight, as glaciers are formed in the Alps, and as an ice- 
sheet now covers the interior of Greenland and another sur- 
rounds the south pole. In our country the southern limit 
of the ice-sheet in its maximum extent reached from Nan- 
tucket, Martha's Vineyard, and Block Island westward along 
the terminal moraine, which is commonly called the backbone 
of Long Island, across northern New Jersey and Pennsylva- 
nia, southern Ohio, Indiana and Illinois, central Missouri, 
and northeastern Kansas ; thence it extended northwestward 
through Nebraska and Dakota ; and from the vicinity of Bis- 
marck trended again westward through northern Montana, 
Idaho and Washington. 

North of this boundary the land was deeply covered by ice, 
as is known by its transported boulders and drift, and by its 
striffi, which are furroVs and scratches engraved on the bed- 
rock over which the ice moved, as fragments of stone frozen 
in the bottom of alpine glaciers wear the underlying rock 
surfaces. Toward the northeast from Nantucket and cape 
Cod this ice-sheet probably terminated on the remarkable sub- 
marine plateaus known as the Fishing hanks ; and on the 
west it pushed into the edge of the Pacific, across the islands 
that border the coast of British Columbia and Alaska. About 
a quarter part of the United States, the entire Dominion of 
Canada, the area of Hudson bay,, and probably much of 
Alaska and of the large islands in the Arctic sea between the 
mouth of the Mackenzie and Baffin bay, were wrapped in a 
sheet of ice, which was replenished by the yearly snow-fall and 
was caused, by the pressure of the vast weight of its central 
portion, to flow slowly outward on all sides. Its greatest 
depth, estimated by professor Dana to have been about two 
miles, was on the highlands between the St. Lawrence and 
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Hudson bay, as is indicated by the general divergence of 
stria and dispereal of drift from that region ; but a nearly 
equal depth of ice seems to have extended thence westward to 
lake Superior and over the area of James bay and the Boutb- 
ern part of Hudson bay to the vicinity of lake Winnipeg and 
Reindeer lake. 

Similarly, northwestern Europe was covered by an ice-sheet 
which moved radially outward in alt directions from the 
mountains of Scandinavia, extending southeast and eouth over 
about half of Russia and Germany, and southwest across the 
area of the North sea to Britain, where the mountains of 
Scotland, Wales, and Ireland, were smaller independent centers 
of glacial outflow. Farther to the south, a large area in the 
Pyrenees, and a still larger district in the Alps and adjoining 
country were covered by ice. In North America, likewise, the 
Rocky mountains and the Sierra Nevada bore glaciers of great 
extent along a distance of several hundred miles south of the 
continental ice-sheet ; but no such local glaciation is known 
along the Appalachian mountain belt south of the general 
boundary of the drift. 

Alpine glaciers are wholly inadequate to give a mental 
picture of the North American and European ice-sheets, 
though they suggested to Louis Agassiz fifty years ago the 
grand generalization that the drift of these northern countries 
was formed by land-ice covering continental areas, as the 
ancient glacier of the Rhone poured westward from the Fins- 
teraarhorn, the Jungfrau, Monte Rosa, and Mont Blanc, 
across the great valley of Switzerland where now are the 
lakes of Geneva and Neuchatel, to the Jura range on which 
its immense bowlders are stranded. Even that former exten- 
sion of ice from the Alps was small in comparison with the 
ice sheet of northwestern Europe, which stretched 2,000 mites 
from west to east, with a maximum width of 1,500 miles; 
and the North American ice-sheet had far greater extent, 
reaching 4,000 miles from Newfoundland and Labrador to the 
Pacific ocean and Alaska, and from the Ohio, Missouri and 
Columbia rivers to the Arctic ocean. The only similar tracts 
of ice now existing upon ttie globe are the Antarctic ice-sheet 
and that which occupies the interior of Greenland. 

Around the south pole an ice-sheet extends outward on all 
sides, to an average distance of 1,000 miles or more from the 
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pole. It everywhere tertninateB in the sea, and, because it is. 
lifted up by the ocean and broken into bergs, its margin haa 
the form of a vertical wall, along which Sir J. C. Boss sailed 
four hundred and fifty miles, finding only one point sufficiently 
low to allow the upper surface of the ice to he seen from the 
masthead. There it was a plain of snowy whitenasa, reaching 
as far as the eye coald see. 

In Nordenskiold's journey on the ice-sheet of Greenland, to 
the east from Disco bay, he found that its surface rose to a 
hight of about 2,500 feet in a distance of fifty miles ; to 5,200 
feet, or nearly one mile ia a hundred and sixty miles ; and to 
6,465 feet in three hundred miles. The average ascent of the 
ice surface in the first fifty miles, including the more rapid 
rise near the margin, is about fifty feet per mile, or slightly 
more than half of one degree ; in the next hundred and tea 
miles it is about twenty-five feet per mile ; and in the remain- 
ing hundred and forty miles, lying near the center of G-reen- 
land, the ascent is only nine feet per mile. 

On the Antarctic continent (if it be not a group of islands 
united by the ice-sheet) the volcanoes Terror and Erebus, 
seen in eruption by Ross, rise to hights of about 10,000 
and 12,000 feet. The greater part of Greenland has no moun- 
tains of similar hight. and after ascending upon the border of 
the ice-sheet, which is reached at the head of the fiords not far 
hack from the coast, occasional ridges and hill-tops are found 
rising out of the ice during the first day's journey upon it, 
beyond which there is a slightly undulating expanse of ice 
and snow, appearing in a broad view as level and illimitable 
as the ocean, and bounded only by the encircling smooth 
horizon. The surface of this ice-sheet in its central part has a 
similar altitude with the highest mountain summits of New 
England and New York, and it overtops the most elevated 
points of the land on which it lies. 

Such too was the ice-sheet of the northern United States 
and Canada, whose border covered the northeastern part of thfl 
Appalachian mountain system, from northern Pennsylvania 
to where the headland of Gasp^ projects into the gulf of 
St. Lawrence. Within this area five prominent mountain 
masses deserve special consideration in respect to their glaci- 
ation : namely, Katahdin, the White mountains, the Green 
mountain range, the Adirondack group, and the Catskills. 
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We may piofitablj note in Buocessive order the obeervatione 
which have been gathered concerning the Btriation and drift 
of these monntains, that we ma; learn which of them stood 
above the ice as landmarks when it attained its greatest depth, 
and in what direction the glacial current paseed over the sides 
of these and over eves the tops of the otfaere. All the lower 
mountains and hills of the New England states, and New 
York, and of Ontario, Quebec and the eastern provinces, were 
enveloped by ice, and bear ite typical marks of Btriation and 
depoBitB of drift from base to summit. 

The descriptions of Mt. Katahdin, or Ktaadn, by Jackson, 
Hitchcock, Packard, and Hamlin, give us very ample and 
clear knowledge of its glaciation. According to president M. 
C. Fernald's determinatione, this highest mountain of Maine 
riees 5,215 feet above the eea, and the latitude of its summit ie 
45° 53 ' 40 ". Its distance north-nori hwest from the boundary 
of the ice-eheet, which lay probably outside the gulf of Maine, 
was about two hundred and fifty miles. 

Dr. C. T. Jacksou'B ascent of Katahdin, in the prosecntion 
of hie labors as Btate geologist, was accomplished Sept. 23, 
1837, under great difficulties from deficiency of provisioDB; 
and the top was reached in a furiouH northeaBt snow-storm, 
which made it impossible to obtain detailed observations. He 
determined the elevation approximately by barometer, and 
noted important topographic features, the limit of the forest, 
a few of the plants seen at greater bights, and that the moun- 
tain is composed entirely of granite. At that time the drift 
was little understood, though beginning to attract the attention 
of geologiBta ; and Dr. Jackson ezpreBsed the opinion that it 
had passed over this summit.' 

Twenty-four years later, in August, 1861, profesBor C. H. 
Hitchcock, state geologist, aaceaded Katahdin, accompanied 
by G. L. Qoodale, as botanist, and A. S. Packard Jr. as ento- 
mologist. The party passed along the very narrow, sharp ridge, 
running westward with precipitous descent on each side, that 
joins the peak of Pomola with the east and west peaks, the 
latter of which is the highest point of the mountain. "We 
never imagined," writes professor Hitchcock, "that in our 
New England mountains, localities could be found so nearly 

' Second annaal report on the geology of the public lands of Maine 
and Hsseachosetts, Aagnsta, 1838. 
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resembling the peaks and ridges of the Andes, Instantly the 
idea occurred to ns that such a narrow ridge could never have 
heen shaped by drift action. Its sides are covered with those 
loose angular blocks which frost has reiQoved from the ledges 
but drift has never transported, precisely like the fragments 
upon the top of Mt. Washington above the drift region. We 
searched in vain over all the top of Mt, Katahdin for any 
signs of drift action. There are no strife upon the ledges, 
DO smoothing or rounding of the rocks, and no transported 
bowlders anywhere upon the summit. This view is strength- 
ened by the fact that there are no transported rocks in the 
Basin, into which an innumerable quantity of bowlders would 
have been buried if the drift agency had ever crossed the 
summit. 

"Only one feature appeared favorable to the view that the 
drift passed over the top. The whole of the northwest side of 
the summit appears like one great stoss aide, while the lee 
side is very ragged, just as would be the case if the ice went 
over the top. But in answer to this it may be said, this appar- 
ent BtOBs side is only the natural shape of the mountain, and its 
position accidental. This view is partially confirmed by the 
fact that for a great distance from the sunfEait on the north- 
west slope no ledges can be seen, only the fragments which 
have been loosened by frost. Generally, when ledges have 
been struck by drift, even if the scratches are obliterated, the 
rocks are not so thoroughly split up by frost but that the 
rounded ledgesremain very slightly affected. This is certainly 
the case npon Mt. Washington. The drift force seems often 
to have been strong enough to remove all the loose and prom- 
inent parts of ledges, leaving the solid foundation so firmly 
rooted that atmospherie agencies have not yet had time 
enough to break them up. We are fully satisfied that a large 
part of the Katahdin summits have never been swept over by 
drift, even if we must believe that the highest portion has 
been struck.'" 

Professor A. S. Packard, Jr, compares the aspect of the top 
cf Katahdin, "strewn thickly with huge angular blocks broken 
off by frosts from the subjacent strata," with Mt. Waabing- 
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ton and adjacent peaks of tbe same range, and with themoun- 
taine of gneiss in northern Labrador, near cape Chudleigh, 
which latter in their lower part are rounded and moulded by 
ice, hut above present more angular and irregular outlines, 
and are profueely covered with loose blocks detached by frost.' 
Tbe elevation of the highest part of the coast range of Labra- 
dor, seventy miles south of cape Chudleigh, is estimated by 
Dr. Robert Bell to he about 6,000 feet above the sea ; and he 
states that throughout the drift period its top "stood above 
the ice and was not glaciated." ' 

Photographs of the upper portion of Eatabdin, kindly sent 
me by Mr. George H. Witherle, of Castine, Maine, show well 
its wonderful profusion of frost-riven rock ftagments, quite 
unlike all the other mountains of New England, excepting 
the higher part of the range that culminates in Mt. Washing- 
ton, whose top will be remembered by all who have visited it 
as having this character. So remarkable is this feature that 
the ledges fractured by frost at the summit of Mt. Wash- 
ington are illustrated in the hetiotype ftontispiece of Vol. I. 
of the "Geology of New Hampshire." Tbe same condition 
is found by Dr. George M. Daivson on the upper part of tbe 
Three Buttee, or Sweet Grui-s bills, in northern Montana, 
which rise 6,200 to 6,483 feet above the sea. These bills stood 
more than 1,500 feet above the surface of the ice-sheet; for 
they bear bowlders of the glacial drift in abundance up to 
,4,600 feet, hut no fragments of foreign origin could be found 
more than sixty feet above that hight,' Along the range of 
the Rocky mountains, also, in Colorado, as I am informed by 
professor C. E. Fay, frost-riven fragments generally cover the 
hed-rock on all slopes that are not too steep to alIow4hem to 
accumulate ; and this is finely exhibited in an extensive series 
of photographs made by Mr, P. H. Cbapin, in his mountain- 
eering in that region. 

New England presents three types of mountains in respect 
to glaciation, of which the least frequent is exemplified in this 
district only hy Mts. Katahdin and Washington, with neigh- 
boring peaks of the Presidential range, where the surface has 
not been swept by the current of tbe ice-sheet, or, if it was at 

' Memoirs of the Boston Society of Natural Historj, lS6o, vol. i. 
'Geolofrical and Natural Hialory Survey of Canada; Beport of 
Projrreasfor 1882, 1883, 1884; and Annual Report 18M6, vol. i. r_v-^ .. 
* Ibid. : Report of Progress for 1S82, 1883, 1884.SLj^. 
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one time wholly ice-coTered. as is demonetrated forMt. Wash- 
in^n, the time of the glacial envelopment yr&a very brief, not 
anffiqing for the removal of the loose maaaes which have been 
fractured by frost from the underlying rock. The aecond and 
most common type is represented by Monadnock, where the 
moving ice-eheet has carried away all the rock-fragments 
which before the Ice Age doubtless presented generally on all 
our mountain tops the same appearance as the present sum- 
mits of Katahdin and Washington; instead of which the 
surface is now left bare, and ronnded in smooth low hummocks 
of rock on the stoss side, — ^that is, in New England the north 
and northwest aide exposed to the glacial current, — while on 
the lee side the slopes are more precipitous and jagged, not 
being deeply worn by the ice, though usually denuded of their 
preglacial frost-riven blocks. A third and infrequent type is 
represented by the northwest slope of Mt. Carrigain, where 
deposits of glacial drift, analogous with the till of lower areas 
cover the bed-rock. 

Many bowlders and small fragments of Oriskany sandstone, 
containing characteristic fossils, were found by Hitchcock, 
Packard, and De Laski,' in the drift on the southern slope of 
Katahdin up to a bight of about 4,000 feet. They were 
derived from ledges that occur on lakes Webster and Telos, 
about twelve miles distant toward the northwest. The cur- 
rent of the ice-sheet is thus shown to have moved from north- 
west to southeast ; and in the transportation of these bowlders 
through 80 short a distance they were carried upward about 
3,000 feet, passing around the west side of the mountain to 
the slope where they were found. 

Special search for these fossiliferous bowlders is reported 
by professor C. £. Hamlin, in his admirable description of the 
physical geography and geology of this mountain.* He wrote 
as follows : "Outside of the slides, I have never found drift 
upon the flanks of the mountain ; but it reappears higher up, 
in very small amount on the Table-Land, hut principally upon 
the northern summits, sparsely strewn among the broken 
granite that covers them. Neither on slides nor sumnuts is 
the drift ever found in large bowlders, but always as fragments 

' American Journal of Science, III. 1872. vol. iii, pp. 27-31. 
* Bulletin oE the Mnseom of Comparative Zodlo&y at Harvard ColleRe, 
1881, vol. VII. 
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of moderate size. On the southwest shde a few masses were 
seen as heavy as a hundred pounds each, but in generid — al- 
ways upon the east slide — the pieces ran from a few ounces 
up to twenty pounds in weight. They were chieBy fragments 
of slates and sandstones, identical with the strata of the coun- 
try north and west, mingled with pieces of metamorphic and 
trappean locks. . . . Among the scanty drift upon the upper 
third of the southwest slide, I have never seen a fossil-beuing 
stone. And upon those parts of the summits where drift was 
found, only once was a fossil met with, — a solitary bracbiopod 
impression on a ten-pound piece of sandstone, picked up on 
the slope northward from West peak tO/ the Saddle, about 600 
feet below the top of the peak, or at an elevation of &bont4,615 
feet above the sea. This is by far the highest point at which 
fossiliferoufl rocks have yet been found upon Ktaadn." 

From these observations it is known that the northern sum- 
mits of this mountain were ice-covered, the upper Umit of the 
drift being apparently about 4,700 feet above the sea; but the 
higher west and east peaks, the sharp serrated ridge, the 
Chimney and Pamola, rising above that hight, appear to be 
destitute of drift, and probably formed an island projecting 
out of the continental msr deglace during the epoch of maxi- 
mum glaciation. If we compare the slope of the surface of 
the ice-sheet with the present sea-level, disregarding the oscil- 
lations of the earth's crust which carried the land to a great 
elevation, as I believe, before the formation of the ice-sheet, 
depressed it while thus loaded, and partially uplifted it again 
after the ice was melted awfty, the average ascent from the 
glacial border in the Atlantic to Katahdin was about nineteen 
feet per mile. But if the glacial border was indented within 
the gulf of Maine, the slope would be greater, perhaps twenty- 
five feet or more per mile. The greatest thickness attEuned by 
the ice upon the country surrounding the base of Katahdin 
was about 4,000 feet, or foiir^fifths of a mile. In other parts 
of Uaine the directions of the glacial current, as shown by 
striee and transported boulders, were prevailingly S. 8. E., 
with local deSections which bear rarely to the west of south, 
and more frequently to the southeast or almost due east. 
Examples of the courses of atriee, from a long list reported by 
C. H. Hitchcock.' are in Fryeburg and Alfred, S. 32° E. ; in 

lology o 

Mteaio 



,y Google 



174 Forarnvrdferal Origin, Mte- — Sill. 

Coroiah and Limerick, 8. 22° E, ; in Portland, at two localitiea, 
S. 23° E., and S. Z° E. , and in Cape Elizabeth township, 
S. 8° W., and S. 120 ^nd 22° E. ' On Mt. Abraham he notes 
Btriation 8. 59° E., and on the top of Mt. Pleasant, in Denmark, 
S. 41° W., but on the west side of Mt. Pleasant, near its top, S. 
31° to 33° E. 



THE FORAMINIFBRAL ORIGIN OP CERTAIN CRETACEOUS 

LIMESTONES AND THE SEQUENCE OP SEDIMENTS 

IN NORTH AMERICAN CRETACEOUS. 

Br RovBiT T. Bill. 

The writer has recently published a r^eum^ ' of the occur- 
rence of chalk in the North American Cretaceous, and shown 
that in the United States there were two distinct and long 
continued epochs of subsidence within that period, each be- 
ginnifig with arenaceous littorals and insensibly gradating 
froni tbem, through arenaceous clay shales, clay shales and 
calcareous shales, into culminating chalk deposits of great 
thickness and extent. 

In the uppermost of these Cretaceous formations, (the Meek 
and Hayden section and its equivalents) the chalky rocks of 
the Niobrara horizon have frequently been noted in Kansas 
and elsewhere. Its continuation and uniformity through 
Texas and into the southwest corner of Arkansas is so appar- 
ent that it need not be discussed here further than to remark 
that it presents nearly everywhere a uniformity of foramin- 
iferal structure. The sediments of the lower Cretaceous have 
been less understood, however. Although strata of pure un- 
changed chalk are occasionally found in them, sometimes 
accompanied by nodules of the most perfect flints, the greater 
part of these limestones, through the changes of time are too 
hard to be longer called of chalky texture. Nevertheless, as 
we shall show, they are of chalky origin. 

In order to fully determine the origin of these limestone 
the writer has directed a series of experiments in the geologi- 
cal laboratory of the University of Texas. Among these was 
the making of a series of thin sections and microscopical 
examinations of the rocks of all the horizons. None of the 
lower Cretaceous limestoBes except a few feet of the basal 
■ Vol. II of the Repdrt of the State Geologist ot Arkansas, 16S6. 

^ D,gl,zedbyGOO<^le 
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(Trinity) sands showed brecciate or layers in laminate struc- 
ture, indicative of littoral origin or were accompanied by littoral 
faunas. All tbe other lower Cretaceous limestones are of a 
massive or pasty texture, unlaminated, and of varying hard- 
ness and purity, and when microscopically examined show an 
abundance of foraminiferal remains imbedded in a calcareous 
(calctte) matrix. 

The foraminiferie always exceeded in nomber the few 
molluBcan remains, which were seldom found, thus clearly 
showing that these rocks are of challty origin. 

The rocks of one horizon consiat entirely of individuals of 
tbe species Tinoporua texana of Rcemer, many of which are 
visible to the naked eye. For this horizon I propose tbe 
name of Tinoporua chalk. 

Tbe excessive metamorpbism which these chalks have 
undergone is due to several causes. In the vicinity of Austin 
and thence southwest to the Bio Grande, it can be attributed 
to excessive plication and igneous contacts. This is well 
shown even where tbe igneous rocks do not appear at the sur- 
face. In some places, however, as at Pilot Knob, southeast of 
Austin, the chalk of tbe upper Cretaceous is converted into a 
crystalline marble along the igneoas contacts. In addition to 
the two great chalk deposits of the upper and lower Creta- 
ceous respectively, there are but three limestone horizons in 
the entire sedimentation of the two Cretaceous formations of 
the southwest of other than foraminiferal origin, and they 
compose but a small fraction of tbe entire thickness. The 
lowest of these, as above mentioned, is formed in tbe basal 
Trinity beds, and consists of fissile-laminated flags, often com- 
posed of sbell-breccia, seldom exceeding one foot in thickness. 

Analogous laminated limestone layers occur at the base 
of the upper Cretaceous in the fiah bed (Benton) clays. These 
are the only two laminated (shallow water) limestone horizons 
in the immense development of tbe two Cretaceous forma- 
tions. 

The third kind of non-foraminiferal limestones are segre- 
gations of calcareous matter, in layers or nodules, mostly 
in the uppermost arenaceous or glauconitic beds of the upper 
Cretaceous, as at Ripley, Mississippi, in Coddo creek, near 
H^arne, Arkansas, or in the Ponderosa marls of the Corsicanna, 
or Navarro bed, of Texas. These are formed by the lixiviation 
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and recryetallization of the calcite of the ahells imbedded in 
clajB and sands. These beds are alwaya of limited local 
extent and seldom of economic valae. I^e court bouses at 
Dallas, Texas, and Washington, Arkansas, are partly con- 
stmcted of this limestone, but in ea^h case the supply was 
almost exhausted for the building. 

Of the total sediments of the lower Cretaceous formation, 
^gregating over 2000 feet, 1500 feet are limeetone (including 
chalk), all but a hundred feet of which are of foraminiferal 
or semi-foraminiferal origin. Of the 700 feet of limeetone 
found in the 2100 feet of the upper Cretaceous formation of 
Texas 600 feet are chalks of foraminiferal origin, while less 
than 100 feet are of th* laminated near-shore, or of segregatory 
origin. 

The sequence of sediments in each of the two formations 
can be stated as follows : 

The lower Cretaceous subsidence began with the deposition 
of the Trinity sands, which become more and more calcareous 
towards their top. In these sands are occasional beds 
of limestone of laminated or shell hrecciate structure. As the 
sea deepened the clays and impure limestones of the haeal 
Fredericksburg vere deposited, and these were succeeded by 
the deeper sea chalks, a thousand feet or more of which were 
deposited, under conditions so uniform in an ocean so exten- 
sive, and during a time so long, that there is as yet no per- 
ceptible variation in certain horizons throughout its extent 
from ArkaQsas to Mexico. Succeeding this chalky epoch 
there is an equally extensive deposition of fine greenish clays 
{the Exogyra jdrw/tnaclaya of Shumard) which may repre- 
sent a slight elevation of the ocean bottom above the chalk- 
making depths, for they in turn are covered by another slight- 
ly deeper lime deposit, whose continuity was destroyed by 
the erosion of the inter-Cretaceous land epoch and the upper 
Cretaceous subsidence. In the upper Cretaceous the transi- 
tion ia from Lower Cross Timber littoral sanda (Dakota?) to 
the deeper Eagle Ford clays, and from these by becoming 
more and more calcareous to the Austin-Dallas (Niobrara?) 
chalk, whose 600 feet or more represents another long con- 
tinued epoch, and from chalk to chalky clays again, — and 
after a long continued epoch of these clays, which make the 
Black lands of Texas, to the glauconitic calcareous sand ; and 
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from these to glauconitic Bands, the Upper CretaceouB of 
ArhaDBBfl, Alabama and Kew Jersey. In the light of these 
facts, based upon investigations in the typical regions of the 
oocurrence of the North American Cretaceous, the two great 
formations of this coantry can not he considered of non- 
chalky origin, as was formerly supposed from studies based 
upon the uppermoBt or latest beds of New Jersey and Alabama, 
but each of them culminates in a great extensive, chalky hori- 
Eon, gradating into and included between shallower chalk 
marls,' calcareous and glauconitic sands and other more or 
less shallow water sediments. In other words, in the superb 
Cretaceous exposures of the Texas-Arkansas region we have 
recorded in these sediments of the two Cretaceous formations 
the two subsidences heretofore described, and data for much 
progressive research in the future, and which when applied to 
the more disturbed regions to the eastward and westward will 
be of great assistance in interpreting their structure and 
history. 

EDITORIAL COMMENT. 



SOUE RECENT WORK UPON THE CRYSTALLINE ROCHS. 

Prof. Judd has recently published three papers of considera- 
ble geological interest to Btudents of the crystalline rocks. In 
the Geological Magazine (June 1889) he discusBes the question 
of metamOTphiam, insisting on the importance of that phase 
of the subject which he well terms statical metamorphism 
as distinguished from the dynamical metamorphism of Rosen- 
buBch. By the former term he means the sum of the changes 
produced in rocks by the included water and gases aided by 
heat and pressure but without movement. The latter term 
comprises the effects of these same agents when accompanied 
with motion. Prof. Judd defines the two classes thus : 
1. Dynamical metamorpbiBm iacludea : — 

Production of cleavBge-Btructure and jointins. 

Crashing or deformation of included minerale. 

"Stretching" of the rocks and production of "mylonitic" bands. 

Changes of various kinds in the conatitnent minerals of a rock 
without loss of identity. 

' In most of the Rocky Mountain regions and especially in the Trans- 
PecoB and Eagle Pus regione theee calcareoas marls and sandn are 
more consolidated, probably in places tbe result of tgneous metamor- 
phism. At Eagle Sprinsa, Texas, and many other places they can be 
seen capped by a great rbyolitic mass. 
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Changes of the constituent minerals with Iobs of identity (trans- 
formation) into isomorphic forms nitb unaltered chemical 
composition (paramorphism), or with composition altered 
(metachemism). 

Change of the form of the rock resnlting in the development of 
granulitic orschistoSe etructnre. 

Prof. Jndd remarks on the wide limits in the alteration of 
which mioeraU are susceptible without loss of identity, twin- 
lamellation, deformation to a system of lower symmetry (as 
orthoclasfl to microcline), change of the optic axial angle and 
plane, either temporary or permanent by heat and pressure, 
change of color, pleochroism and absorption, of refractive 
index, sign and intensity of double refraction, specific gravity, 
hardness and fiiBibility, and all these without transgressing the 
limits of specific variation. 

The effects of static metamorphism are then discussed. "In 
these cases the most potent agent by which change is effected 
is the penetration of the whole mass of the rock by various 
liquid or gaseous solvents." Orthoclaee is chosen as an 
example. This if formed near the surface assumes the form, 
Ac. of sanidine, if at great depths those of adularia. These 
under heat and pressure can be further changed as follows : 
Original Form. 
Adularia, Sanidine, 

pasaes into 
Anomalous orthoclaee, Common orthoclase, 

Microcline, Opalescent orthoclese, 

Avanturine orthoclase. 
Iridescent orthoclase, 
Mnrchiaonite, 
Perthito; 
and further into 
Zeolites, Micas, 

Dpidotes,&c. Kaotinites, &e. 

Yet further in hypocrystalline rocks under the conditions of 
statical metamorphism the crystalline and stable portion may 
grow at the expense of the unstable vitreous remainder and 
many new and remarkable structures may result. 

In partial explanation of these remarkable mineral trans- 
foimations in solid rock Prof. Judd cites the experiments of 
Guthrie showing that "there is a perfect gradation between the 
states of fusion and solution;" those of Spring, Van t' HofT 
and Reicher proving that pressure can bring the molecules of 
solid bodies sufficiently close to one another to allow the action 
of chemical affinity between them which may even continue 
after the pressure is removed ; andalsothose of Vander Waals 
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auppoitiDg the b«lief that "all bodies can mix whan the pres- 
sure exceeds a certain value." 

This subject has been developed at greater length in one 
direction by the same author in the Quarterly Joarnal for May 
1889, where he describes a singular example of the growth o^ 
the felspar crystals (near labradorite) in a porphyritic andesite 
from Dan da Gu ' in the island of Mull. 

The original crystal was much weathered before its enlarge- 
ment began so that it exhibited cracks, corroded surfaces, 
planes of kaolinization and sometimes actual fracture. The 
added portion and the filling of the craeks show their second- 
ary nature by their behavior under polarized light. "The 
inner and outer parts do not extinguish simultaneoualy when 
the section is rotated between crossed njcols but after the 
position of extinction of the central core has been passed a 
dark zone makes its appearance around the central mass and 
as rotation goes on this dark zone passes slowly and gradually 
outward through the surrounding fringe." 

That the addition was made at the expense of the unstable 
vitreous matrix is shown by the fact that where two crystals 
touch one another no enlargement has occurred. The change 
in the angle of extinction is so gradual and extensive that 
Prof. Judd says he is led to the conclusion that some of these 
crystals have a fringe of secondary material which as we pass 
outward corresponds to eveiy intermediate stage through the 
andesine and oligoclaae series, and sometimes approaches if it 
does not actaally reach the albite limit. 

These changes in the constitution of the crystal daring its 
successive stages of enlargement are attributed by the author 
to the tendency of the more basic minerals to separate from 
a magma before the more acid ones,whereby the lime is grad- 
ually abstracted and the crystal tends to pass from a basic 
lime>felspu to an acid alkali-felspar or even to quartz. 

The sequence of events which in Prof. Judd's opinion has led 

'The most enthusiastic admirers of the Gaelic tongue, even Prof. 
Blackie himself would ecarcelv recommend it for A universal language 
on account ol the aimplicity of it« spelling. In the paper quoted Prof, 
Jndd kindljr gives his readers a ven' necessary key to the pronuncia- 
tjon of the names of the places mentioned. Ourreadera may judge for 
themselvee how neeeeaory is this help. 

Dun-da-Qu is spelled Dun-da-Ghavithe. 

SarstaBeinn *' 8'Airde Beinn. 

BeinnTJaig " Beian-na-Duatbarach. 
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development of cryetalB as above described iB the fol- 

e labradorite-andeaite in which these crystals occur is 
an old series of felstone-lavas belonging to the earliest 
of eruption in the Mull volcano. The lava-stream was 

id to weathering and denudation for a long time, sufii- 

allow the mechanical injury and partial kaolinizatioo. 
juently this old lava waa buried to the depth of several 
ind feet by the later welling out of basaltic and other 

The consequence was that the mass was placed in con- 
3 favorable to the development of the felspar crystals 
■enewed their youth and recomnieneed growth." 
third paper also in the Quarterly Journal for May, Prof, 
)Ut forth some results of a long study of the igneous 
of the Western Isles of Scotland. Three principal points 
listed on : 

That the plutonic, holocrystalline rocks of the Western 
granites and gabbros) are only the extreme terms of 
ries which pass by almost imperceptible gradations into 
poaite extremes of volcanic pitchstones and tachylltes. 
That the enormous sheets of igneous rocks once covering 
ea and now indicated only by scattered outliers issued 
lumerouB centers of eruption of which five at least are 
cognizable at Mull, Ardnamurchan, Rum, Skye and St. 

That these lava-beds and sheets of crystalline rock of all 
are entirely of Tertiary age and of subaerial origin, 
e of these conclusions will surprise geologists who have 
llowed the course of recent petrological investiga- 
But Prof Judd's propositions are supported with amass 
ence that carries conviction. As he says : "The evi- 
ls irresistible that gabbros graduate insensibly into 
es and dolerites into basalts and basalts into tachylites." 
unites also merge insensibly through ''granophyric forms 
id lavas and pitchstones." 
le gabbros and basalts have been attributed by various 

1 to earlier dates, such as the Jurassic or even to the 
itian, chiefly on the evidence of their composition 
r their intimate association with the granites whose 
ity was assumed. The whole form "one great contempo- 
s series of rocks which as a whole overlies and is 
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yotinger than the aecondary strata of the district." But in 
the absence of other evidence such reference was merely 
"begging the question." How far the appearance and structure 
of these rocks fall short of determining their age may be in* 
ferred from the remark recently made by the director-general 
of the geological survey of Great Britain that "he is unable to 
recognize any essential difference of structure or composition 
between the Tertiary igneous rocks and those of earlier geo- 
logical age." 

During the long process of these eruptions occupying per- 
haps a great part of the Tertiary era a gradual change in their 
nature occurred. The early acid ejecta of felstone-fonning 
matter slowly but steadily gave place to basic gabbro-forming 
outflows. The former were apparently viscous or quick cool- 
ing lavas and seldom spread more than ten miles from their 
focus. The latter cooling more slowly or being more liquid 
reached a distance of sometimes fifty miles before consolida- 
tion occurred. 

REVIEW OF RECENT GEOLOGICAL LITERATURE. 

Solar heat, Oravitation and Sun-tpott. By J. H. Kbdzib. Chicago, 
S. C. Griggs and Co, 1S86. 12mo, pp 304, with supplement of ISpp. 

This little volume is an astronomical and physical free lance which 
pierces some of the commonly accepted doctrines or notions concerning 
the solar system which do not bear the application of keen reasoning. 
lU thrusts are not by anv means limited to prevalent popular notions, 
bat some of the physical doctrines which have been taught by emin- 
ent astronomers, and which ore found in our common text-books are 
treated with equal severity. The scope of the book is evinced in its 
title, and the three parta are treated conaecntively, bat the treatment 
and the subject matter so shade off from one part to another that in the 
philosophical ensemble there are no breaks. The second and third parts 
are logical portions of a discussion begun in the first part, and the 
value of the whole, no lees than its interest to the reader, culminates 
in part thrte, in which the author offers a simple but plausible explana- 
tion of the existence or sun-spots. 

To the geologist the topics and discussions are important, especially 
to those who inquire into conditions and causes that are not patent to 
sensible apprehension. The author possesses a fertile scientific imag- 
ination, one o[ the very first qualifications for scientific research and 
discovery. "In so boundless a field as the universe, where the un- 
known bears so large a proportion to the known, and the disproof of 
theories, however grotesque and extravagant, is difficult, the tempta- 
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tlon to allow the imagination to nm riot is great. Its valoe in pliyn- 
cftl inrestigatioiu caoaot be oTerestimated, yet it ahould never be tbe 
blind floonderinga of an ontanght and nntomed imagination, bat rath* 
n the advanced thought of clear minds, gnided tj known principlea, 
ont-ranning for the time the slower processes of demonstration, bat 
always retaming to verify preconceived theories by sonnd reasoning 
at actaal experiment." 

The author hinges his reasoning on three postalatos, vis. : (I) In- 
floit« doration of time in the past. (2.) Infinite extension of the nnl- 
verse in space, peopled with sans, worlds, comets and nebnlce. (3.) 
Conservation of force or energy. 

The varions prominent theories for the cause of the sun's beat ai« 
briefly considered and are severally fonnd to be defective and unsatis- 
factory, vis : 

First, The mmfiagriUion theory, is nntenable because if tha universe 
has existed througb past eternity the sun, no matter vbat his site or 
material, would have been burnt out, or oxidised millions of ages ago ; 
because, also, it ia known that the temperature of tbe snn is too high 
for combustion, and becaose, further, if it were possible to add millions 
of tons of coal to the sun it would undergo rarefaction instead of con- 
densation, and hence woald produce cold rather than heat 

Second, The mtUorie theory is brought to encounter nine obstacles 
which are categorically presented, (a) It is unproved.- (b) The 
theory indicates only a temporary provision, since the meteors would 
all be absorbed in time by our sun and the other suns, and the solar 
fires would ultimately die out for want of fnel. (c) Owing to the con- 
tinned increase of the mass of tbe sun its power of attraction would in- 
crease and it woold cause the narrowing of the orbits of the planets, 
BO that it would only be a question of time when it would absorb tbe 
earth and all the members of our system, (d) Small meteors, mov- 
ing in regular orbits, according to Newtonian laws, may collide with 
Ute earth when in nearly tbe same plane, but it Is an impossibility for 
them to bolt from their orbits and fall upon the Bun. (e) The theory 
requires the acceptance of the unproved assumption that space through 
which the sun and solar system are moving is filled with wandering 
meteors— meteors utterly unlike the minute bodies which are unable 
to penetrate even our thin atmospheric envelope, bat more nearly re- 
sembling the moon or the inferior planets in sise. If such masses are 
falling like hail on the aun, they should fall as thick and fast on the 
earth in proportion to its size, and then the earth would become as hot 
as the snn, and would be in danger of being dislodged from her orbit. 
(I) The effect of a collision of a meteor with the snn can only be 
jndged by comparison with such collisions with the earth. Hence tbe 
collision of a non*«laatic meteor with the elastic gaseous envelope of 
the Bun might, by the arrested motion, develops heat enough to raise 
the cold mass of the meteor to the same temperature as that of the 
sun, and the temperature of the sun would neither be increased nor di- 



,y Google 



Bevisw of Recent Oeologieal Literature. 183 

miidslied — there woald be only an infinitesimal change in the enn's 
path. "Only in the improbable event of the meteor's developing more 
heat than wonld be necessary to raise its own temperature to an equal- 
ity with that of the sun, could it incTease the sun's temperature." (g) 
These bodies which ore assaroed to be continually tailing on the 
sun either float idly in space or beloog to some system. They canoot 
belong to our system because it would be impoesfble (or them to leave 
their orbite. Then to what system? Could any other sun control 
them within the limits of our bud'b force of gravitation? And as to 
their floating idly in space it would be time wasted to point ont the 
many absurdities it would involve, (b) Our sense of permanence in 
the order of nature,aDd faith in the constancy of the sua, is not consist- 
ent with the idea that such constancy depends on the fortuitous meet* 
ing ol exactly the right number of meteors of exactly the right veloci* 
ty and size, daily, with the sun. 

Third, The condentation or $lirinkage theory, by which it is lupposed 
the sun's heat is due to his ' llagellating himBoK by the descent upon 
himself of parts of himself," not only has the defect of making the sun 
and by analogy all suns, machines which when once wound up are al- 
lowed to run down hopelessly by enormous emanations given out but 
never returned : but also is self-destructive in that, necessarily, the 
beat that may be prednced by the supposed sbrinlcage would cause at 
once an equal expansion and there would he no contraction, and no 
best resultant. But the beat emanations from the sun are sufficient 
to heat two billions two hundred million worlds equal to the earth; 
such a loss, unless suplied ab e^ra, wonld cause an appalling rate of 
cooling and condensation which would become visible even within the 
time since man became an astronomical animal. For five thousand 
yeara his light and beat have undei^one no perceptible diminution. 

Fourth, The theory of potential energy, which, while allowing that the 
energy of the sun is being gradually dissipated by radiation, yet asserts 
that "the potential energy of the solar system is so enormous, ap- 
proaching in fEict, possibly to what we in our helplessness call infinite 
that it may supply for absolutely incalculable future ages what is re- 
quired for the physical existence of life." We know of no great store- 
house of potential energy. This theory assumes it but does not inform 
ns where it resides. The unoxidized matter existing in the sun is al- 
ready too far heated to allow of combustion. 

Fifth, The (keoryo/ atmoephtric condentntion, which is that of W. 
Hatthieu Williams, is summarized hy Mr. Kedzie in three proposi* 
tions. 1. "That there is a universal atmosphere. 2. That the snn is 
constantly (if I may be pardoned the colloquialism] butting against 
this atmosphere at the rate of 460,000 miles per day. 3. That the com- 
pression produced by the sun's impact evolves the beat of the sun. He 
also deals largely in the rollings, tossings, explosions, doshinge, clash- 
ings and flashings of the alternating combining and decomposing gssee 
in the sun's atmosphere." To this the author brings the following 
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objections : If any chemical cbangea at all take place in the sun'e at- 
mosphere (possibly in the oatei atmosphere) they resalt in more con- 
densed BubstanceB which on eettling toward the sun are again decom- 
posedby the increased temperature, and the heat generated by the 
chemical combination is re-absorbed by the decomposition, and there 
ie no resultant general increment of heat in the sun. Again, 9m to the 
beat generated by the sun's impact on s supposed aniversal atmos- 
phere, and its being the supply for the heat it radiates into space. Mr. 
Eedzie introduces, after his manner, a qaaint but sufficiently conclusiye 
illustration, which, to give the reader an idea of the familiar and com- 
monplace reasoning that characterizes the book, it will be well to quote 
entire. "Imagine a concave mi^or large enough to enclose the sun 
and his proper atmosphere,— for according to Mr. Williams the sun has 
an atmosphere of its own. Suppose this mirror to reflect back to the 
sun every ray of heat radiated by him aa well as exclude every ray ap- 
proaching him from without, the sun's heat would of course remain 
absolutely unchanged. We ignore, for the present, any supposed sup- 
ply of heat by contraction of the sun. Mr. Williams i^ores (his source 
entirely. Now open the windows of this hollow sphere, both behind and 
before the advancing sun. This hypothetical universal atmosphere 
would of course rush in, and an equal quantity of the sun's atmosphere 
proper would rush out of the windows in the rear. Would this process 
heat or cool the sun ? That would depend wholly on whether the atmos- 
phere of space is hotter or colder than that of the sun. It requires no 
prophet to predict the resutt. It is believed by all that the atmosphere 
of space, if such exists, is intensely cold. Remove the imt^nary hol- 
low sphere entirely, and give the winds fall sweep on all sides, and 
the blazing atmosphere of the sun would simply be swept away and its 
place supplied by one colder than the blasts that play around the north 
pole in midwinter." Otherequally strong [Kiinte are made against this 
theory. 

Sixth. Dr. C. W. Sieman't new theory suppose! the exhaustless 
energy of the son to be sustained by a grand endless circulation. This 
consiste of the emanation of certain compounds, mostly in a gaseous 
condition, from the equatorial regions of the sun into space. These 
reach even beyond the orbit of the earth. In tbe interstellar spaces 
these compounds are rarified and decomposed, returning to their ele- 
mentary condition. Bnt they are, in this condition, precipitated again 
upon the polar regions of the sun, where, by recombustion, they give 
out the beat which supplies the sun in perpetuity. Flowing toward 
the equator they are again projected from the sun, in a ceaseless 
round. Mr. Eedzie accords this theory the merit of not violating the 
theory of the conservation of force. It does not require, as nearly all 
others do, the radiation and toss in space of tbe vast energy of tbe sun. 
Still he notes tbe following objections ; (a) The existence of an inter- 
stellar resisting medium, or universal atmosphere, other than ether, 
is not yet proved, to the satisfaction of scientists . (b) The dissociation 
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of chemicftl elements once compoaoded, requires more beat than the 
interstellar spaces poesess. Attenuation may favor such decomposi- 
tion, but the requisite degree of heat is totally wanting, (c) The 
degree of beat in the bud ia too great to allow the chemical association 
of the gases that this theory supposes are continually faJling upon ita 
polar regions. The falling gases would cool the sun rather than beat 
it. (d) The chemical composition at the poles, supposed by this 
theory, evolves, of course, exactly the same amount of beat as that 
required for the decomposition of the same substances on their equa- 
torial flight from the sun, and thus adds no heat to the sun, and hence 
can not supply the enormous radiation, to account for which is the 
problem to be solved, (e) "If the vigorous logic of mathematics 
would admit of matter being without weight, or even weighing less 
than nothing at the sun's equator, ao that it would actually leave the 
sun for extended journeys through space, this condition would apply 
to all the equatorial matter of the sun, and, through this, to the whole 
body, which is generally regarded as gaseous. We should then have 
the sun himself going abroad in search of fuel to maintain the solar 
fires." (f) According to the reasoning of R. A. Proctor (EeUetie, July, 
1862) "there is not the slightest possibility of matter being projected 
into space from the sun's surface by centrifugal tendency," yet this 
tendency tor gaseous compounds is the comer stone of Dr. Sieman's 
ingenious theory. 

Seventh. Tkompion't theory of convtction eurrenti. This postulates 
an interna! circulation in the fluid of which the sun is supposed to 
consist, through which it is kept of nearly uniform temperature con- 
stantly. The cooled or partially cooled surface is immediately replen- 
ished by currents from within bringing fresh supplies of heat. This 
does not profess to supply an indefinite amount of heat, but allows of 
the loss of all radiated heat. It depends on the vastness of the heated 
eun, to furnish heat for so long a period that to our apprehension the 
slowness of the change is such that the change is not perceptible. 
This must fail if either of the following propositions be true. 1st. If 
we have sufficient evidence on which to decide that the sun is not 
cooling at all. 2nd. If the heat given out by the sun is out of all pro- 
portion to the gradual cooling supposed by this theory. The author 
then considers each of these propositions under the caption, Enormous 
amounlof heat tmiUed by the tun, and shows conclusively, by quotations 
from Dr. J. R. Mayer, Prof. Young and Prof. Langley, not only that 
the radiation is enormous but that it is so vast that it would certainly 
be perceptible, without having a replenishment, within the 6,000 years 
that the sun's heat has been observed, amounting to 9,000 degrees 
centigrade. This destroys the theory, since it establishes the second 
proposition and strongly fortifies the first. 

THs author's theory of solas heat. 

Having shown the inadequacy of the principal existing theories the 
author considers himself justified in offering another. "If the theories 
examined are as unsatisfactory to the reader as to the writer, there 
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remainB 011I7 an aching void for a new one, which it wonld be unkind 
to withhold, since the material is so abundant, being in most cases 
'anch stuff ae dreams are made of,' and jtX in our A».y dreams we 
sometimes catch glimpses of thoughts that lead us into the verr pres- 

ence of troth." 

The new theory of the author starta with a further postalate, Va: 
light and heat are essential elemento of the universe, and their exist- 
ence ie not to be explained nor called in question. They are conrerti- 
ble into all other forms of enerity, but they cannot be lost. They can- 
not wander beyond the confines of the universe, for Ibis is boundless. 
The real problem is, How are the light and heat given out by the sun, or 
an equivalent for the same, reconcentrated in that luminary? 

Briefly stated the author's theory aseumes heat as the primal, on- 
specialized, essential condition of universal matter, matter also unapec- 
ialized and nebular. All other forma of energy are modified cenditions 
of heat. Heat is converted into light, motions of various kinds, chemical 
affinity, electricity, and even vital enei^y. Heat as such is constantly 
dying out, bot it dies as the seed does on being committed to the ground, 
to reappear in new and wonderful forms. Heat that leaves the sun, and 
without doubt also other suns that inhabit space, trav«Ung on the vi- 
brations of the all-embracing ether, cannot dwindle into non-existence 
because if it did the grandest discovery of modern times, the conse)^ 
vation of force, disappears with it. What becomes of it T Tbe author 
conceives of it as lurking as other forms of force in every part of the 
universe, changed by circumstances sometimes to mechanical force 
(or gravitation), stored up in chemical compounds, or developed into 
electricity, magnetism, or vital energy. It is thus not lost. It returns 
to the sun specialized as mechanical force, electricity, ete. "He sends 
it forth again in the general unsifted form of radiant light and heat," 
The etheral ocean is full of the undnlations of heat, or the elements of 
heat, passing in all directions from sun to planet and to distant euna. 
The suns supply the ether, and the ether supplies the suns. "Since 
the dawn of creation heat has been undergoing transformations and 
retransformalions, but neither annihilation nor re-creation." It is 
diffused in all directions, as well toward the suns as from them. 

Lu gtologwi H la geologie du Jura, jutqu'm 1870. Par Jclks Max- 
coo. (Ext. des Mem. de la Soc. d'Emulation du Jura, 18S9. These 
memoirs, comprising only the creative period of the geology of the Jn" 
ra, extend only to the year 1870. They detail some of the personal 
labors and intercourse of M. Marcou with Dr. Germain, Pi da nee t, Thnr- 
mann, Pictet, Dr. William Roux, Agasaix, Fraas, Lory and others; 
specifying the various advances in the knowledge of the Jura wrought 
out by their joint labor. It also contains a chronologic review of the 
earliest geological work on the same, beginning with that of Charbaut 
in 1818. 

Fint report on the Iron minet and Iron ore dietriett in the elate of Nev> 
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York. By Stmv C. Shock, (Bol. N. Y. SUte Miu. No. 7, June, 1B99, 
Alban;). In the poleontologic and Btrati^raphic geology of the state, 
New York h«s takea the lead of all the States of the TJnion ; but in 
keeping the world acqnainted with her natural resoarcea, so far as they 
spring from the rocks, she has been as markedly delinquent. In Bome 
of the annual reports of the original survey of the state, and also in the 
final quarto Tolumea, particularly those of Emmons, Beck and Mather, 
the ctaima of economic geology were kept In view, and very important 
descriptions and records were then put in print which not only show 
their appreciation of the final, as well as of the first and principal, ob- 
ject of sach a surrey, but present the strongest contrast with the re- 
ports of those who confined their work entirely to the higher and tech- 
nical scientific questions of geology. For a long period of years there 
has baen no advance in economic geology in New York through any 
public effort. Paleontology has been prosecuted by the persistent, 
and now successful efforts of Prof. Hall, till now it may be said that 
among commonwealths New York stands alone, as an example, not 
only to other states of the Unions, conspicuous among her equab, but 
to the States of longer histery across the ocean, in the service she has 
rendered to natural science. 

It is highly gratifying that, through the efforts of Prof. Smock, a new 
departure haa been begun at Albany, and that the geologic questionB 
that concern the direct products of the rocks, so far as they are em- 
ployed for the comfort and convenience of man, are being inquired 
Into and reported to the Legislature. 

This is the second report of this kind that Prof. Smock has made, 
the former being on the building stones of New York. Thia on the ores 
of the state is not final. Many other things are involved in a knowl- 
edge of the iron ores — questions of their mineralogical and geological 
relations, their origin, their kinds, their impuritiee and their compari- 
tive value in the furnaces of the iron-monger. Prof. Smock has given a 
sketch of their distribution and some history of each mine and its pro- 
ducts. The work is well begun, but it will be a work of years before 
he will be able to report as thoroughly as he should, and equally with 
the detail that the State of New York has carried forward in the pa- 
leontology of the state. 

Foatil fitlut and fouil plantt of the TriatHc rockt of New Jertey and 
the ConneeticHt valley. By John S. Nbwbebby, 1S88. 4to, xiv, 162 
pp. 26 pi. Jl.OO (U. 8, Geol. Bur. Mon. vol. xiv. Washington). This 
memoir mentions twenty-eight species of fish appertaining to the Tri- 
aasic of the Atlantic border of North America in strata distributed from 
Nova Scotia to North Carolina, thirteen of them being new. The 
others had been named principally by Redfield, but a few also by 
Newberry, Egerton and Agassis. Of plants, seventeen species are 
mentioned of which five are by Newberry, and the others by Sogers, 
Schimper, Brogniart, Endlich, Emmons, Saporta, Fontaine and Fr. 
Braun. The getlogical thtlch, which forms the first part of the volume. 
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ombruM « Tftltuble briel annunur <A the geology of the Triaosic in 
the euteni put of the Uiiit«d State*, hot hu important correUtive 
ftllosion to Uiat of the centra] area. Frmn this the foUowingpoitite are 
Uken. 

( 1 ) The measnree are generally red, and non-foestliferons, bat in the 
ConoectiCQt area tiulade some dark ahale charged with carbonaceooa 
matter and (oaail rematos. Dark and dove-colored shales in New 
Jtrser also contain fish remains, exhaling a bitaminoaa odor when 
struck with a hammer. In general the principle is stated that tbe 
general red color in these rocks indicates the absence of organic mat- 
ter at the time of their formation; "for where decaying organic mat- 
ter is present in any considerable qoantity it redaces ue peroxide of 
iron to protoxide, and makea the color, so far as inflnenced bj the 
salts of iroEt, graj, green or blue. Where the organic matter is in very 
large quantity it imparts the characteristic color of carbon, and makes 
tbe shale or limestone which containa it black. 

(2) The plant-bearing beds are the equivalent ol the Keuper (Rtue- 
tic) or upper Trias, as lormerly claimed by Hitchcock, Emmons, Har- 
cou and Banbury, this determination being based mainly on the re- 
searches of Fontaine. Emmons and Ifarcou, however, believe the 
loner b«iis to be Permian. 

(3) The Triassic strata underiying the Indian Territory, northern 
Texas, New Mexico, etc., originally extended to the Wasatch monn- 
taintt which formed the western shore of the sea in which they were 
deposited, but are mainly without fossils. 

«(-l) Yet from three localities fossils have been found in them, viz: 
San Job6, New Mexico, tbe old copper mines above Abiqnin, and Loa 
Bronces, on the Yski river, in Sonora. "At the first mentioned local- 
ity are tonnd Walchia and Calamkeg below, which mean Permian, 
and in softer beds of sandstone above — doubtless Triassic — impres- 
sions of fern fronds too indistinct for determination." 

(a) The fossil plants in these western localities go far to prove that 
the Atlantic and western Triassic beds are in the uppermost division 
of the Bvstem. 

(6) The beds containing Jurassic fossils in Utah, Colorado and Wy- 
oming wedge out toward the south, allowing the Dakota group of toe 
Cretaceous to rest on the upper member of tbe Trias. 

On the Tertiary and CretaCfout itrala of the Tv»calooea, Tombigbee 
anfi Alabama rivtri. By Euobhb A. Suits and Lawrehcb C. Joqnsoh. 
Bui. No. 43, U. 8. Geol. Sur. 1888. 

In the summer of 18S3 a steamboat trip of two weeks duration was 
made from Tuscaloosa down the Tombigbee river to its confluence with 
the Alabama, and up the latter river to Prairie Bluff, by Dr. Eugene A . 
Smith, of the Alabama Geological Survey and Mr. L. C. Johnson of the 
U. S. Qeological Survey, at the joint expense of the two surveys. The 
results of the observations made on this two weeks' trip were written 
up by Dr. Smith as a Bulletin, to be published by tbe U. S. Survey. 
This first report which embodied all that was done by tbe two Surreys 
jointly, and, with the exception of some observations made by Mt. 
Johnson in Wilcox county, to all which the joint authorship applies, 
was so imperfect and full of gaps, that, at the request of Dr. Smith, its 
publication WHS delayed until fuller imformation could be obtained. 
Accordingly in the summer seasons of ISM-Sand 1886 the whole ground 
was re-examined by Dr. Smith and his assistants on the Alabama Sot- 
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T9y, and obBerratioiiB were extended over all the adjoining cotintry, 
and the proper relatione of the river sections were carefully made out, 
photographs for the illnstrations were taken, and the whole Tertiary 
and Cretaceous sections were carefully made out and verifled. Resulte 
ol the work done by the Alabama survey during 1880 and 1881 and 1SS2 
were incorporated, eo that the present bulletin repreeenta, in addition 
to the two weeks' joint work of the two surveys, the results of six sea- 
sons' summer work of the Alabama Survey alone. It is this later work 
of the Alabama Survey which gives the Bulletin moBtof its value, and 
has changed it from a very imperfect sketch, to a fairly complete and 
trustworthy section of all the strata of Cretaceous and Tertiary age ap- 
pearing in the vicinity of the two rivers. 

Prof. Tuomey in 1856, coming from the fields of South Carolina, found 
in Alabama the series of rocks identical with those which, in South 
Carolina under the name of Buhrstone, were at the base of the Ter- 
tiary formation. He accordingly considered the Buhrstone as the basal 
rocks of the Alabama Tertiary also. In 18T2, Dr. Smith made his first 
excursion into this territory and found that there were many feet of 
strata underlying the Buhrstone. This conclusion was communicated 
to Prof. Heitprin, to whom Dr Smith sent a number of new shells from 
one of the eub-Buhrstone beds, at Wood's Bluff. Descriptions of the new 
species and a diagram showing, from Dr. Smith's notes, the relations Of 
the Wood's Bluff strata to the Buhrstone, were published by Prof- 
Heilprin in 1880 and 1881. 

These papers of Prof. Heilprin, and his Tertiary Otology, contain all 
that was published upon Alabama Tertiary from the time of Prof. 
Taomey up to the publication of the present Bulletin, except the 
papers called forth by the curious articles of Otto Meyer, in which the 
attempt was made to throw doubt upon the work of other geologists in 
this field, and to obscure what has long been perfectly well established 
in regard to the stratigraphy of parts of the southern Tertiary. 

The work now under consideration gives the folloving table of the 
Tertiary and Cretaceous strata of Alabama, with the thicknosa of each : 
(Coral Limestone (Vicksb'g 7) 150 
' Upper .White Limestone, -JOrbitoidal " (Vicksb'g). . .140 

(Jackson, ,60 

M HHIb iClaiborue 140-145 

Middle, ^Buhrslone, 300 

Tertiary [ Hatchetigbee 175 

Wood's Bluff 80-86 

<Eocene) Bell's Landing 140 

Lower, Lignitic, Nanafalia 300 

Matthews' Landing and Nahcota. .130-150 

Black BlufT 100 

I. Midway 26 

f Ripley 260-276 

Cretaceous, { Ratten Limestone 1000 

(Eutaw 300 

Cretaceous (7) Tuscaloosa (7)1000 

The most important additions to our knowledge of Tertiary and 
Cretaceous geology given in the present work are the carefully meaa- 



,y Google 



190 Heviewof Hecent Geolofficat Literature. 

Dred tbicknessea of the T&rions strata, the working ont of the snV 
Buhrstone strata of the Tertiary, and the finding of a great series of 
sandy and clafejr heds below the hitherto lowest of the Cretaceous, 
and the diecoverj and description of the varioos undulations and 
faults in both Cretaceous and Tertiary strata. 

1. The whole thickness of the Tertiarj' along these two rivers is 
between 1629 and 1700 feet, of which more than 1000 feet lie below the 
fiuhrstone, heretofore considered the base of the Tertiary in Alabama, 
(thoagh not in Misaiesippi). The thickness of the Cretaceous is over 
2500 feet, of which 1000 feet belong to the Botten Limestone, and 1000 
to the newly named "Tuscaloosa" group. 

2. The beds underlying the Buhrstone consist of laminated sands 
with clay partings, clayey sands, lignite and beds of marine shells. 
The shell beds have been used to define the different horisone of this 
part of the Tertiary and seven such divisions are recognized and 
described, each possessing some very characteristic features and Im- 
pressing itself very markedly Upon the soils and the topography of the 
country along its line of outcrop. 

3. A great seriesot sands and clays, containing, in places, many beau- 
tiful leaf impressions baa been found to occupy, in Alabama, the base of 
the Cretaceous formation. At the time the bulletin was printed, the 
age of these beds was not quite definitely made out, but recently Prof. 
Fontaine has collected in this territory, and has no hesitation in call- 
ing the beds which hold the plant remains. Cretaceous. As yet no animal 
remains have been discovered in these beds in Alabama, which appear 
to be identical in age and in most of their physical and lithological 
characters with part of the Potomac formation of the states further 
north and east. 

4. Evidences ot the disturbance in the Tertiary of the Tombigbee 
river were long ago noticed by Prof. Tnomey. Dr. Smith lias found 
that there are two well marked anticlinal folds in the Tertiary, the 
Hatcbetigbee and the Lower Peach Tree folds, and one fault, the Bethel 
fault, with at least 200 feet displacement. It is also shown that the 
strata do not He in other respects in undisturbed position, for there 
are everywhere very considerable undulations along the direction of 
the strike of the beds. 

Again in the upper beds of the Cretaceous, there are numerous fault- 
ings and undulations, clearly shown in the diagram of the river bank 
below Moscow on the Tombigbee. 

Since the publication of this report Dr. Smith has carried his obser- 
vations of these beds eastward to the Georgia line, and has discovered 
many interesting variations in the characters and thickness of the 
various strata In that direction. These obs«rvalions will soon be 
published In a report of the Alabama geological survey. 

The report is illustrated by a map (with utuuual colors), by a num- 
ber of views taken trom photographs, and by a great number of care- 
fully drawn vertical sections of actual exposures along the banks or 
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in the near vicinitj of the two rivers, which show, when taken to- 
gether, an uninterrupted and continuous view of the succeasion of the 
strata from the White Limestone at the top of the Tertiary down at 
least to the Tuscaloosa group of the Cretaceous. 

The report also contains a full account of the bibilographj' of the 
lower Gretaceons formations of Korth America, bjr Mr. W J. McGee. 
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Haouc. On Allotropic Forms ol Silver, M. Cabby Lea, The Peri- 
dotite of Pike county, Ark. J. C. Bbannek and R. N. Br^ckbtt. PI. i. 
On Prevailing Misconceptions regarding the Evidence which we ought 
to expect of former Glacial Periods. J. Croll. Mlneralogical Notes on 
Fluonte, Opal, Amber and Diamond. 6. F. KuNs. Discovery of 
Cretaceous Mammalia. 0. C. Mabsh. Plates ii. to v. 

Aug. No. Earlier Cretaceous rocks of the northwestern portion of the 
dominioB of Canada. Gbo, M. Dawson. Certain Porphyrite Bosses in 
northwestern New Jersey. J. F. Kexp, Great lava flows and intrusive 
trap sheets of the Newark system in New Jersey. Nelson H, Dartom. 
Recent Explorations in the Wappinger valley Limestones and other 
Formations of Dntchess Co., N. Y. W. B, Dwiqht. PI, vi. Notice of 
Gigantic Horned Dinosauria, from the Cretaceous. 0, C. MAmsa, 
Discovery of Cretaceous Mammalia. 0. C. Haksb, Pis. vii. and viu. 
Silicic acids, Qxo. F. Bkczxr. 
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PERSONAL AND SCIENTIFIC N 

Henry William Bei8tow, F.R.S. died June 
of seventy-two. As early as 1842 be waa a i 
staff of the Geological Survey of the Uni 
He waa the author of various works on geolog 
ogy ; be wrote the mineralogical articles in Bia 
ary of Science, Literature and Art" and the artic 
and rocka in Ure's "Dictionary of Arts, Mai 
Minea." He waa the recipient of honors from i 
cal societiea and from aome of the crowned heai 

Natural Science in the Davenport Scho< 
very inception of the Davenport Academy of Sci 
object haa been the advancement of the public i 
ural scienccespecially to secure the most intim 
co-operation, with the educational system of the 
country. ' To thia end it has been the constant 
part of the Academy to encourage visits of classi 
with a view of illustrating the subjects at its roo 
moling the introduction of natural science in th 

Recently the Academy devised the plan of a 
by the several classes of the public schools 
throughout the year to the rooms of the Acadi 
charge of their teachers in each instance, for an 
son on aome subject in natural science, the sam 
ued from day to day until all the classefi had re 
son in their turn. 

In the city of New York Prof. Bickmore has 1 
in interesting the authorities of the public i 
American Museum of Natural History, at Cen 
the teachers in the public schools are not only s 
mittance to the collections, but regular lecture 
the museum throughout the year intended esp 
qualification of teachers to give instruction in n 
These courses of lectures are largely attended, a 
recently extended to other city schools in Nt 
With this exception the Davenport Academy 
know, the pioneer scientific institution in this c 
geat and execute a plan for thus utilizing its mi 
lections of specimens in natural history, in dir< 
with the public acbool, and it seems to open the 
range of usefulness for such institutions, and t 
collections of a hundred fold more interest, va 
benefit to the community. 

An Immense DepositofIce, thought to have it 
glacial period, has been found in Pine Creek cafi 
capitalists are considering the feasibility of min 
mercial purposes. 
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THE SUBQBNBRIC GROUPS OF NATICOP3IS. 

By CH1BLE9 R. KeviS. 

The described species of Naticidie from the American palteo- 
zoic rocka number about three ecore. These have commoDly 
been referred to the genera J^attGopsin, Platystoma and 
Strophoaiylua. The first of these three terms was proposed 
in 1844 by McCoy,' and included sheila which had previously 
been assigned to the modern genus Katica- Seven species 
were enumerated under the new title ; but of the accompany- 
ing figures only two showed the apertural characters. In 
America the shells of this group were first recognized by Nor- 
wood and Pratten,' who described from the Coal Measures, 
Naiica ventricosa. Shortly afterward several other forms 
were detected and placed under the same genus. It was then 
found that McCoy's generic term was applicable to the Ameri- 
can forms hitherto regarded as NaticcB. And it has recent- 
ly been discovered that in addition to the species generally 
recognized as belonging to Naticopais, the genua should also 
include several other forms now known under other generic 
titles. 

The species that have been referred to Naticopsia appear to 
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form at least two and possibly three more or less well defined 
groups. These sections differ so greatly in several importaat 
particulars that actually they should be regarded as generically 
distinct. Meek and Worthen ', recognizing the fact, proposed 
to establish three subgenera; but their sabdivisionB were based 
upon surface ornamentation. The three sections were: 
Naticopeia proper; a group typified by Nerita subcostata 
OoldfuBS, but not named ; and Trachydomia, including N. 
nodosa, M. &. W., JV. hollidayi M, & W. and Littorina wkeel- 
eri Swallow ; besides two European species. In Naticopiis 
proper, as represented by the typical forms, and by the major- 
ity of American species referred to the genus, the shells are 
relatively thin ; the spire very short ; the outer lip extremely 
thin and sharp ; the inner Jip also thin and slightly depressed ; 
the last volutions generally more or less distinctly flattened 
or concave on the upper half and marked towards the suture 
by numerous small, short, equidistant costsa parallel to the 
lines of growth ; the surface otherwise glabrate. In contra- 
distinction the shelU of Trachydomia are massive, with the 
spire larger and more elevated ; the outer lip very thick, but 
abruptly becoming sharp; the columella very heavy, the 
calosity thick and greatly extended ; the volutions ahallowly 
channeled along the suture ; and the surface covered with 
numerous small equidistant nodes. A single North American 
species — Littorina wheeleri Swallow — seems to be referable to 
Trachydomia; the other three forms described under the 
genua T. nodosa M. & W., T. hollidayi M. & W. and T 
nodulosa Worthen being at present regarded merely as more 
mature individuals of Swallow's species. A comparison of an 
extensive series shows that within certain limits the shells of 
this group are quite variable. The calosity in some speci- 
mens is much more extended than in others ; while numeric- 
ally the surface nodes vary greatly in different individuals, 
and become much larger and more widely separated as, with 
age, the shell increases in size. 

Another group closely allied to Naticopsis is Isonema; the 
type of which now appears to belong to the former genus. As 
originally established by Meek and Worthen * it was regarded 
as a subdivision of Holopea; and had for its characteristic spe- 

' Gool. Burv. m., vol. ii, p. 364. 1866. 

'Proc. Acsd. Nat. Sci., Phila., 1866, p. 2S1. 
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ci^s H, {Isonema) depreaaa'iA. & W. Loxonemahellulata'B.ttOi, 
was alao included ; and later Meek ' added another congen- 
eric form — Isonema humilis. In 1873 Hall and Wtiitfield * 
figured /. humilia ae Naticopais Umtia Meek ; the specimen, 
however, was very perfect and exhibited all the generic 
features much more clearly than the type of laonema. Subse- 
quently Meek,' redefining his /. humilis placed both this 
Bpeciee and / depreasa Bubgeuerically under Naticopait. Sii 
years later Hall ° niade Loxonema iellulaia[Isonema bellulata 
(Hall) M. &, W.] the type of a new genue — Callonema, which 
also embraced two additional forms — one originally described 
as a Pleurotomaria and the other as a Platyatoma. Callone- 
ma as thus understood bears only a slight superficial resem- 
blance to the palceozoic Naticida, and probably does not 
belong to this family. The two forms that constitute the 
"Isonema" group are slightly more depressed than the shells 
of N^aiicopsia generally ; and have the small costEe that ex- 
tend a short^distance from the eutural line, more lengthened 




Explanation op PiatrRKS. — Fiff. 1. Naticoptit phitlipti McOo, 
Traehydomia wheeUri Swallow, enlarged two aiameters. Fig. 3. 
NaticopiU vtntrieota N. & P. Fig. 4. li. (lionema) kumilii Meek. 

»Proc. Acad. Nat. Sci., Phila., 1871, p. 79. 
•23rd Rept. State Cab. N. Y.,pL iii. 
'PalBE. Ohio, vol. i, p. 214. 
•Pftlee. N.Y., vol,u, p. 50. 
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than IB usually the case. Id all other respects the characters 
appear to agree very well with those of McCoy's genus. 

Id America theie are probably about a dozeD valid species 
of Naticopsis, the others described as such being identical 
with forms previously known, Natica littonana Hall from 
the Warsaw limestone apparently belongs to the globose group 
of Soleniscus and therefore will stand ae S. Uttonunus. Iso- 
netna d^ressa M. & W. as finally written by Meek himself, 
Naticopsis (laonetna) depressa, was preoccupied by Winchell 
for a Kioderhook form ; and it is proposed to substitute the 
name Naticopsis linearis. 



VIEWS ON PRENEBULAR CONDITIONS. 



Geologists interested in the speculative departments of their 
science will be gratified to know the state of opinion concern- 
ing the earliest condition of terrestrial matter OD which de- 
ductive reasoning sheds any light. That the matter of our 
planet, in common with that of the Solar System has under- 
gone a physical evolution of the nature first outlined by Kant, 
in 1755, is now almost universally believed by those who have 
based their opinions on a rational examination of the eviden- 
ces. In addition to the familiar proofs, we may mention the 
new and original elucidations of M. Roche, so highly esteemed 
by professor Darwin, and the very remarkable photograph of 
the planetary nebula in Andromeda exhibited to the Royal 
Astronomical Society, on December 6, I8S8. This is regard- 
ed by professor G. H. Darwin as afTording "something like a 
proof of the substantial truth of the nebular hypothesis.'" 
With reference to the same photograph Dr. Huggins remarks, 
"The stage of evolution which the nebula in Andromeda repre- 
sents is no longer a matter of hypothesis. The splendid 
photograph recently taken by Mr. Roberts' of the nebula, 
shows a planetary system at a somewhat advanced stage of 
evolution ; already several planets have been thrown off, and 
the central gaseous mass has condensed to a moderate size as 

■Darwin, Phil. Tram. Nov. 15, 1888. Note added Dec. 10, 18S8. An 
excellent engraving from this photograph wae published in KnoioUdge, 
Feb. 1, 1880, and another on a. larger acale Ans. 1860. Both reveal an 
annutated etructnre in the accompanjing smaller nebulie (Added Sep. 
7, 1889. 

'Monthly Notices, Royal ABtronomical Society. 
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compared with the dimensioiiB it must have possessed before 
an^ planets had been formed.' 

The nebulie have long been suspected to belong to the order 
of cosmic existence which served as the starting point of those 
rotations, annulations and planetations which marked the his- 
tory of our system. The constitution of the nebulEe and their 
antecedent history, have, however, been involved in great mys- 
tery. The irresolvable nebulfe — to which the present reference 
is restricted — have been generally conceived to consist of ten- 
uous matter heated to luminosity. Whether in the condition 
of a luminous gas, or that of a firemist, or that of the rings of 
Saturn and the matter of the zodiacal light, remained a ques- 
tion. The pabtication, in 1864, of Mr. Huggins' results of 
spectroscopic studies of certain nebulse,* seemed to demon- 
strate that at least some of the luminous matter of certain 
nebuls exists in the condition of a gas. Hydrogen, it was 
thought, was quite certainly identified, while the brightest line 
in the spectrum was exceedingly close to nitrogen.' Hoggins' 
later researches throw doubt on the identification of nitrogen, 
and tend to suggest the presence of lead.' 

While making this brief reference to elementary matters in- 
dicated in the nebnlie, it may be stated that Mr. Lockyer, in a 
paper read before the Royal Society in 1887,' stated that only 
seven lines in all had been recorded to that time in the spec- 
tra of the nebulte, three of which coincide with lines in the 
spectrum of hydrogen, and three correspond to lines in mag- 
nesium. Dr. Huggins, in his late memoir, has made a very 
critical examination of the claims of magnesium for recog- 
nition in the nebulst and concludes, against Mr. Lockyer, that 
the coincidence of the lines is not sufficiently exact. 

Aside from the identification of substances, the recognition 
of gaseous states of very high temperatures is considered es- 

'Huggina, Memoir read before the Rojal Societj^, May 2, 18S9. A 
beantiful doHnpation of the nebula of Andromeda is given by Father 
S«cchi in Le S'lUii, vol. ii., pl. j. Fig. 2. He remarks, "One circum- 
stance deserves to arrest our Httention. Certain planetary nebulie 
■eem to offer luminous points. » • • Meantime the planetary nebula 
of Andromeda presents two spectra superposed" p. 464. 

'"On the spectra of some of the Nebul»." Phil. Trant., ISM. 

'"On the Spectrum of the Great N'ebula in Orion," etc. Proc. Roy. 
Soc. vciL. XX. See the results summarized by Le Padre Secchi, "Le 
Soleil," vol. II. pp. 461-4«6. 

'In a memoir read before the Royal Society May 2, 188». 

'Boy. Soc. Proe. vol xliii, p. 111. 
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tabliehed. Hnggins, Lockjer and others believe that some of 
the matter exists in a state of dissociation. At the same time, 
some of the nebulae, notably that in Orion, present also, a con- 
tinuous spectrum, as if matter existed in them in a condition 
different from gaseity, though Huggins cautiously suggests 
that under most favorable conditions the continuous spectrum 
may be found to consist of bright lines. The evidence as ob- 
served, however, is in accord with the presumption which may 
be offered on other grounds, that matter may exiBt, in aggrega- 
tions as vast aa the nebulas, in all conceivable conditions — dis- 
sociated, gaseous, liquid, and solid ; luminous and non-lumin- 

0U8. 

We once felt that in tracing the genealogy of our system to 
the nebulous condition of matter, we had attained what might 
fairly be denominated abeginning. But as the nebular theory be- 
' comes less speculative, the speculative spirit is tempting science 
to inquiries about ^ra-ne&u^r conditions. If matter woe not 
created in nebulie, they have had an antecedent history which 
it remains to disclose by observation and reasoning. If the 
data of science enable us to reason out antecedent conditions 
along a line of evolution, then we may rest in the sure con* 
viction that the nebula itself represents only an ulterior stage. 
Matter wag not originated in nebulse. 

The discovery of the cosmic nature of meteorites through 
the researches of Newton, Schiaparelli, Oppolzer and others ; 
the establishment of the existence of meteoroidal swarms re- 
volving in orbits about the sun ; and especially the identifica- 
tion of the August and November swarms with certain comets* 
furnished indications that comets generally are constituted of 
masses of matter analogous to those which reach the earth as 
meteorites. The present writer, as early as 1877, generalizing 
from the recognized facts of meteorites, announced in a public 
lecture reported in the dailypaperaof various cities, his theory 
of the universality of "cosmical dust," and its slow aggrega- 
tion into cometary and nebular mMses.'° In a subsequent 

'Tht! writer has jgiven an elementary exposition of this chapter of 
science in "World-Rfe," pp. 3-23. 

'"It is stated by Mr. Loctyer, that a similar theory was published by 
Prof. Tait in "Gix>d Words" ; but of that the writer had no knowledge. 
The coincidence of views, if it exists, must be regarded as lending' con- 
firmation to the theory. The late professor R. A. Proctor (in "Other 
Worlds than Oare," 1870) conceived of the growth of cosmic bodies 
"under the continued rain of meteoric matter;" but his purpose waa 
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work, he explained with coDsidetable detail, hie conception of 
the mode of aggregation of "costuical dust" into nebular and 
cometary asBemblages." In this he epoke in particular of the 
necessary collisions of constituent parts, the development of 
intense heat, and the formation of an elongated train, in the 
case of comets moving within the Solar System." 

This theory of the origin and constitution of comets has 
been heartily endorsed, and discussed with ample learning, in 
a series of papers published by Prof. Lockyer, in Nature, in 
volumes xxxvii, xxxvm, xxxix, but more specifically in the 
latter volume. Here (page 402), he mentions professor Tait, 
and without quoting, explains his views. He says professor 
Tait's researches have not been published in externa, but a 
summary of results appeared in "Good Words" "some time 
ago."" These Mr. Lockyer presents in language from which 
the following are extracts : "In the case of comets of but 
small masses, the component materials would be small and 
far apart. * * • While the swarm which builds up the 

t« explain the formation of worlds ant^oaiHticatly to the Kantian con- 
ception, while that of the preai^nt wnler was to gain a starting-point 
for the unfolding of that conception. Sir William Thomson is said to 
to entertain the opinion that the "origin of the planets was through a 
gradual accretion of meteoric matter." 

""World-Life," 1883, pp. 71-75, 482-3. 

"It Boems necessary, as will appear, to make special citations from 
the work mentioned. After speaking of the aegrej^tion of nebulee, 
the author continues : ''In the nearer neighhornood of some great at- 
tractive centre, the velocity of one of these swanna is accelerated. Its 
form becomes more elongated. The internal movements of the parts 
become more vigorous, cdlisionB are sharper, and flashes of light are 
evolved, and the posterior train is eipandod. Further influence 
exerted by the central body increases all those consequences. The 
head of the swarm becomes permanently luminous. The long gather- 
ing BWarm is now a comet" (p, 75). The contingencies happening to a 
cometary aggregation once introduced into our system, are next traced, 
"A cannon^all moves 1400 to 2000 feet in a second, and yet its impact 
upon a solid body always develops a flash of light. But this velocity 
is mere rest when compared with that of a comet in its flight. Now in 
case of these mutual collisione among the parts of a comet, the veloci- 
ties of some will be accelerated, and those of others retarded. Those 
retarded are liable, of course, to be accelerate<1 again by other collis- 
ions, BO that tlie total amount of motion in the assemblage should 
remain constant, so faraaactinnB in the system are concerned. Never- 
theleBB. the changed velocity of a part results in a change of intensity 
of action from without," etc. Thus, not to quote at length, the come't 
tary aggregation is partly palverized, and gradually torn asunder — 
disinte grating into the meteoroidal stage (pp. 482-3). These principles 
are applied to the slow contraction of Saturn's rtngB, and to the zodia- 
cal light. 

"From Dr. Croll the Writer learns that this was In the volume for 
1676, p. 861. The date of publication does not appear. 
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comet is coursing round the sun as a whole, the individual 
members will themselves gravitate toward each other. • * * 
The atones colliding will generate heat, and some gas will be 
evolved ; some membera of the mass will be quickened, while 
other constituents of the mass will be retarded in their motion. 
* * * The result of these collisions would he such a 
smashing up of the constituents of the swarm that much fine- 
ly attenuated material would be left behind, sufficient to re- . 
fleet sunlight and to give rise to phenomena of the tail"." 

Thus the suggestion came into existence that some of the 
nebulie, as well as comets, are simply aggregations of stones, 
sand, fire mist and gases. This at least, was specifically enun- 
ciated by the present writer. Professor Lockyer inclined to 
adopt such a view of the constitution of nebula, as is shown 
in the ample and interesting seriea of papers referred to. In 
one of these he says : "The brighter lines in the spiral nebulffi, 
and in those in which a rotation has been set up, are in all 
probability, due to streams of meteorites with irregular mo- 
tions out of the main streams, in which the collisions would 
be almost n?7. It has already been suggested by professor G, 
Darwin [Nature volume xxxi, 1884-5, p.25] — using the gaseous 
hypothesis — that in such nebuUr "the great mass of the gas is 
non-luminous, the luminosity being an evidence of condensation 
along lines of low velocity, according to a well known hydro- 
dynamical law. From this point of view, the visible nebula 
may be regarded as a luminous diagram of its own stream- 
lines."" 

The question naturally arose whether a swarm of discrete me- 
teoric bodies, in an aggregation of nebular dimensions, would 
manifest the behavior of a cooling and shrinking spheroid of 
gas. The essential conception of the nebular theory of the Solar 
system involves an elastic fluid and the conservation of an equi- 
librium figure, while 'the mcteoroidal aggregation presents at 
first view, a discrete condition of solid constituents quite lacking 
the distinguishing properties of a fluid. As soon, however, as 
we conceive the constituents in a perpetual state of collision 
and rebound, the physical movements of fluid molecules are 
at once suggested, and we perceive that within certain limits 
of distance of the meteoric constituents, the meteoric aggrega- 
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tioii is essentially a gross fluid, and might manifest the behav- 
ior of a fluid. 

Professor G. H. Darwin undertook the analytical investiga- 
tion of this question, "and in a memoir of extraordinary inter- 
est, established the following conclusions :— As far as frequency 
of collision is concerned, the hydrodynamical treatment -of a 
swarm of meteorites is justiflable ; the aggregation may be 
treated as possessing a coefficient of viscosity sitch that if ro- 
tating, it would revolve nearly without relative motion of its 
parts, other than the motion of agitation ; but in later stages 
the viscosity would be diminished to such extent that the 
central portion would probably rotate more rapidly than the 
outside — as some phenomena suggest to have been the case in 
our system. A further conclusion is, that the larger and less 
frequently colliding meteorites will gradually settle toward the 
centre, leaving the smallest and most frequently colliding me- 
teorites — or fragments, particles or molecules — disposed at 
and near the surface, thus creating a maximum density about 
the centre, though its distribution is not according to the law 
of an elastic gas. It is further suggested that in the late 
stages of evolution, the meteors would be mostly abporbed by 
the central sun and planets, that their relative motion of agi- 
tation would be largely diminished, and that they would pro- 
bably move in clouds— "the dust and refuse of the system" — 
with so infrequent inter-collisions that it might not be permis- 
Bible to treat the cloud as possessing the mechanical proper- 
ties of a gas. 

A very different conception of the prenebular history of 
matter was suggested by Dr, James Croll, twenty-one years 
ago," This supposes "that our sun was formed from a hot 
gaseous nebula produced by the colliding of two dark stellar 
masses, and that as the stars are suns like our own, they in 
all likelihood, had a similar origin." The considerations 

" His reBTilts are embodied in a memoir "On the nieehanical Conili- 
tionof H SHarm of Meteoritee, nnd on Cosmognny," read Kov. 15, 
IfiSa, before thp Roiial Sorittii, nnd piiblJBhed in the Traniactimit, vol. 
180, A. pp. 1-69, with notenby the author to Dec. 19, 1888. The writ- 
■er is indebted to prolesaor Darwin tor a copy. 

" Pkilotopbical Magazine May, 1868. The tlioucht has been several 
times reproduced. "Climate and Tinrie" ch«p. 21 ; QuarlrrJy Jour. Set. 
July, 1877; PAii, ifajr,, Julv, 1878; "Climate and Cosmologv," chaps, 
xvn, xviii and six; "Stellar Evolution," I8R9, 12mo, 218 pp'. For the 
last two works named the writer acknowledges his obligations to their 
aatfaor. 
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which favor the theory are well aet forth in Dr. Croll's recent 
work on "Stellar Evolution." The motion of the coUidiag 
masses is not supposed to be entirely due to the action of 
gravity — as according to the more recent conception of Sir 
William Thomson." "If the maBaeg were created, they may 
as likely have been created in motion as at rest ; if they were 
eternal, they may as likely have been eternally in motion as 
eternally at rest. Eternal motion is just as warrantable an 
assumption as eternal matter." "A mass equal to that of the 
eun, moving ^ith a velocity of 476 miles per second, would 
possess, in virtue of that motion, energy sufficient, if converted 
into heat, to maintain the present rate of the sun's radiation 
for 50,000,000 years." 

"The collision of two bodies each half the mass of the sun 
would result immediately in a chaos of fragments. The enor- 
mous heat generated would further shatter and disperse the 
fragments. Much of the matter would betransfonned suddenly 
into the gaseous condition. In the course of time, the whole 
would assume the gaseous condition, and we should then have 
a perfect nebula" — intensely hot, but not very luminous. As 
the temperature diminished, the nebulousmass would begin to 
condense, and ultimately, according to the well known nebular 
hypothesis,pass through all the different phases of rings, planets 
and satellites, into our Solar system as it now exists." 

Here then, are two distinct conceptions of prenebular his- 
tory : — First, The Meteoric Theory, as reasoned out, it is rep- 
resented, by professor Tait, and independently by the present 
writer, and also, with convincing and admirable fullness,by pro- 
fessor Locbyer; Second. The Impact Theory, of which Dr. 
Croll's form postulates initial motion and Sir William Thom- 
son's assumes initial rest. Under the first theory, the nebu- 
lar mass undergoes a prolonged aggregation, heat resulting 
from the impact of descending contributions. Under the im- 
pact theory, dark bodies exist in immensity" whose move- 

"iVaJure, 27 Jan. 1887; Proc. Rojj. Inttitution, vol. xir. 

"Whether "a perfect nebula" is entirely gaeeous is the question at 
present in doubt. 

"Lambert conceived the exiatence of dark bodies aa centres of the 
great coamic avateraB. "Kosmologiache Briefe ueber die Einrichtung 
des Weltbaus," AugHburg, 1761, Sewcomb affirme that "not the 
alighieat evidence favoring the exiatence of these opaque centres has- 
ever been found." 
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tneute, whether initial or gravitational, bring them occasion' 
ally into collision. 

But there are prenehular inquiries prior to those reached by 
these theories. What was the antecedent htstoiy of matter 
which had attained the condition of meteoroidal masses? In 
the work already quoted, the present writer set forth the theo- 
ory that the "universal world-stuff" postulated by Grove, 
Brodie, Hunt and many others, or generalized from the phen- 
omena of meteors, is, in its state of ultimate attenuation, the 
ethereal medium conceived by Newton, Young, Saigey, Mac- 
vicar, Lodge and others." He suggested, in other words, that 
out of this semi- spiritual substance may have germinated the 
molecules of common matter, and that the so-called ethereal 
medium may thus have been the ultimate condition of the 
matter of nebulie." Further considerations confirmatory of 
the doctrine of the continuity of planetary atmospheres 
with the interplanetary medium, were based, at a later date, 
on the fact that the gaseous atmospheric constituents fixed in 
coal-beds, carbonates and other forms, during the progress of 
rock-formation have been many times greater than could have 
been yielded by a terrestrial atmosphere of determinate vol- 
ume and mass." 

The recent memoir of Dr. Huggins, "On the Spectrum, 
Visible and Photographic, of the Great Nebula in Orion"" is 
thought by some "to go a good way to overturn the views held 
by Mr. Lockyer, and recently advocated by professor Darwin, 
on the meteoric constitution of nebula;." The present writer 
does not share in that impression. Dr. Huggins' researches 
confirm the presence of hydrogen, throw some doubt on the 
presence of nitrogen and perhaps still more doubt on 
Mr. Lockyer 's contention for the presence of mag- 
nesium at a comparatively low temperature. Had he 
shown that the nebula is exclusively gaseous, the 

"Dr. Croll in allnBion to this says: "Profesiior Winchell has ad- 
vanced views similar to those of Tait and Lockyer regarding the n»tare 
and ori^n of nebulre. But he, in adduion, discusBea the further ques- 
tion of uie origin of these ewnrmH." — "Stellar Evolution," p. 23. 

" World-Life, p. 533, and more specifically, pt. i. ch. i ^7. 

"A. Winchell, Secular increase of the fiarth's Mass," Science, ii. 
820-1, Dec, 28, 1883. Chemical Nem, London, March, 1884. 

"Read hefore the Royal Society, May 2, 1889, but oot yet publiBhed — 
an uncorrected proof copy having been received from Dr. Croll by the 
present writer. 
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showiDg would have been adverse to the theory of a meteorics 
constitution of that part of the Orion nebula inyestigated. But 
the spectrum studied chiefly was a bright line spectrum, and 
of course revealed only gaseous conditions of matter. Such 
gases may have been merely an atmosphere bathing other por- 
tions of matter in liquid and solid states. This being eo, the 
facts stated are quite compatible with either the meteoric or 
the impact theory of prenebular states. Moreover, Dr. Hug- 
gins himself supplies statements which indicate the existence 
of matter in other than the gaseous condition. He speaks of 
a "continuous spectrum," which, however, he attributes to the 
two of the four bright stars of the Trapezium which fell upon 
the slit. But he detects evidence that the stars belong to the 
nebula, in the fact that the bright nebular lines crossing the 
steller spectrum can be traced for some little distance into the 
nebula, showing that those stars are not merely optically con- 
nected with the nebula, but are phj'sically bound up with it, 
and are very probably condensed out of the gaseous matter of 
the nebula. It may be mentioned that other nebulte afifording 
the bright lines of gaseity, exhibit stronger continuous spectra, 
while in the nebula of Andromeda, the continuous spectrum 
supersedes that of bright lines. 

This is all intelligible without ignoring the probability of 
pre-gaeeoua conditions, and still more without denying non- 
gaseous matter of pre-gaseous origin, coBxistent with a con- 
spicuous amount of gaseous matter. If the meteoric theory 
implies the aggregation of cold stones and sand, it implies 
equally the evolution of intense heat and resulting gases. So 
a nebula resulting from impact of single masses would consist 
similarly of solid and liquid fragments immersed in a gaseous 
atmosphere of high temperature. If under either theory, the 
temperature should reduce to a gaseous state, the entire mat- 
ter of the nebula, that would furnish no reason for assuming 
that the nebula had been gaseous from the beginning of its 
existence. 

To the writer, the present state of knowledge seems to jus- 
tify the opinion that some nebulae exist in a condition entirely 
gaseous, and others in a mixed state, while a few seem to have 
attained throughout, the condition of fire-mist — borne up 
probably, by a faintly luminous residual gas. It seems further, 
to justify the theory that all nebulte have had a prenebular his- 
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tory — a growth or development from cold, non- luminous states 
of matter. The difficulty of admitting vast, dark cosmic 
bodies, whose existence is entirely conjectural, leads the writer 
to prefer the meteoric theory, which finds the requisite cold 
matter in all-pervading "cosmic dust," whose existence is 
actually revealed in the meteorites which course about the sun, 
and descend in "star-showers" to the planet on whose surface 
we dwell. 
Ann Arinyr June IS, 1889. 



QLACIATION OP MOUNTAINS IN NEW ^NOLAND AND 
NEW YOKK. 
By Warbeh Uphax. 
Read before the Appalftchian MouDtato Club, Apr[l IT, 11S9. 
II. 
The most noteworthy observations on the glaciation of the 
White mountains are those of Dr. Edward Hitchcock in 1841, 
marking the upper limit of the usual drift deposits, strife, and 
ice-worn ledges about 1,000 feet below the top of Mt, Wash- 
ington; and of his son, professor Charles H. Hitchcock, who 
in 1875 found glacially transported bowlders on the very sum- 
mit of this mountain.' The former wrote of Mt. Waahington, 
and the other peaks of this range : "All the peaks which I 
ascended are made up of broken fragments of this slate, which 
have been entirely removed from their original position by 
frost, and form sometimes a coating of loose angular blocks 
several feet thick. This is particularly the case upon the 
summit of Mt. Washington, and downward about 1,000 feet; 
but in all the valleys between these peaks more or less of the 
rocks appear in place, and here I discovered many examples 
of embossed rocks. They are, as we might expect, much less 
distinct than in many other places less exposed to decompos- 
ing t^;e^cie9, and I should probably have passed by them 
without recognition, had I not previously examined many 
other more distinct examples. So far as Mt. Clinton has been 
uncovered, it seems one huge boss more or less rounded. As 
we begin to asc«nd Mt. Pleasant, the embossed rocks are quite 
distinct ; and here, too, are bowlders moat evidently trans- 
ported. Here, too, I discovered stria running N. 30° W., S. 
30^ £., corresponding essentially with the general course of 
' Ibid. ; Appalacuia, vol. i. 
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Btrise on the mountains ofNew Hampshire and Massachuaette. 
. . . Near the south foot of Mt. Franklin is another example 
of the emboeeed rocks with bowlders. . . . Finally, at the 
south foot of Mt. Washington, near a small pond called Lake of 
the Clouds, is a third example of the rockee moutontiies. It 
la less distinct than at the other localities, as the rock here is 
more broken up by frosts ; still it is impossible for a practised 
eye not to recognize them. And it ought to be stated that 
here it is the northwest exposure of the rocks that has been 
most powerfully acted upon, proving conclusively that the 
force waa exerted from that direction." 

Very rare bowlders and small fragments of gneiss foreign to 
Mt. Washington, which in its upper part is andalusite mica 
schist and gneiss, occur above the limit of the ordinary drift 
action, as similar foreign rock-fragments are found very scan- 
tily on the high portion of Katahdin to within 600 or 500 feet 
below its highest peak. But on Mt. Washington the drift 
A-agments are scattered thus scantily quite to its summit, near 
which professor C. H. Hitchcock has obtained two bowlders, 
each weighing about ninety pounds. One of these is in the 
museum of Dartmouth college, and the other in that of the 
Boston Society of Natural History. The account of this dis- 
covery, which proves that the ice-sheet at one time overtopped 
even this highest peak of the northern Appalachians, is told 
by professor Hitchcock as follows : — 

"The first suggestion of this novel proposition came to me 
the last day of July, 1875, from an examination of the some- 
what rounded stones of small size lying along the carriage- 
road upon the northeast side of the mountain, about two hun- 
dred and fifty feet below the summit, I stumbled upon two 
bowlders of granitic goeisH foreign to the mountain, — one 
nearly ten, and the other six inches long. This raised the 
altitude at which transported materials existed to about 6,000 
feet. Observation showed that these bowlders came invaria- 
bly from the earth underlying the conspicuous angular debris 
common all over the peak above the line of trees. In repair- 
ing the road, the workmen usually dug beneath the surface 
blocks before obtaining a material suitable for their purposes, 
and there always seemed to be a plenty of it. ... I examined 
the excavation made for the road between the house and 
stables, and obtained several small bowlders, four or five 
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inchea long, corresponding in mineral structure with the 
ledges in Randolph and Jefferson, twelve or fifteen miles away. 
The general color of the rock is bo like that of the mountain 
that one would not perceive the difference between them with- 
out close inspection- The mica is arranged differently in it ; 
The white parts are more abundant, though in fine grains, and 
the rock is evidently the same with the upper member of what 
I call the 'Bethlehem gneiss' in the New Hampshire reports. 
The highest point at which stones of foreign origin were 
obtainable may be twenty or twenty-five feet below the very 
pinnacle of the mountain. Hence it is fair to conclude that 
every part has been covered by the glacial ice. . . . Just 
beyond the signal-station dwelling I found a flat ledge eloping 
a little northwesterly, but precipitous on the southeast. At* 
moBpheric agencies have marred the surface so much that no 
strife are visible, even if they ever existed. I had proposed to 
scrutinize every harder projection of quarts with a lens as this 
course sometimes reveals striation where other inspection is 
unavailing. Were this ledge situated near the Lake of the 
Clouds, where embossment is common, I should point it out 
unhesitatingly as an example of ice-sculpture, though much 
degraded by weathering. The shape agrees with that of thous- 
ands of glaciated ledges in other parts of the state. Other 
ledges on the mountain farther north resemble this one. Inas- 
much as the transportation of materials is clearly proved by 
the presence of the Jefferson rock upon the summit a few rods 
away, it will not be unreasonable to believe that this apparent 
embossment is real. The altitude of the ledge is the same with 
that of the site of the travelled stones. The disposition of the 
large blocks upon the summit is noteworthy. Several acres 
of surface are covered by them far away from visible ledges. 
As you approach a ledge, it is easy to see what fragments have 
been separated by frost action, as the projections match the 
indentations. . . ." 

Before this discovery, while it was believed that Mt. Wash- 
ington and its neighbors rose above the ice-sheet at its time of 
greatest thickness, professor Dana had computed, from the 
slope of the ice-surface thus known, and from the courses of 
striation and transportation of bowlders in Canada, that the 
elevation of the surface of the ice-sheet over the northern 
border of New England was about 8,000 feet, and over the 
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Canadian watershed between the St. Lawrence and Hudson 
bay 13,000 feet, giving to the ice an average thickness of about 
5,000 feet in the region of the White mountains, 6,500 feet on 
the international boundary, and not less than 12,000 feet on 
the Laarentian highlands.^ It still appears to be true that the 
upper limit of the ice-sheet was about 1,000 feet below the 
summit of Mt. Washington during the greater part of the Ice 
Age, and that professor Dana's estimates of the thickness of 
the ice farther north are very probable. There seem to be 
good reasons for believing that the land at length sank be- 
neath this heavy burden ; and to that time I would refer the 
complete glacial envelopment of Mt. Washington, as well as 
the transportation of the highest, very scanty drift on Katabdin. 
This depression of the earth's crust led to changes of climate, 
from the rigorous conditions causing glaciation to mild tem- 
peratures by which the ice was finally melted ; but at first the 
subsidence was perhaps attended by an increase in the thick- 
ness of the ice whose surface may have been maintained by 
the snow-fall during a short time geologically speaking, at its 
former altitude, while the area of the White mountains sank 
the 1,000 feet which would envelope the top of Mt. Washing- 
ton in the ice-sheet. The mountain was not thus covered so 
long that the glacial current could sweep away much of the 
abundant frost-riven debris, nor conspicuously emboss any 
projecting knobs of rock, nor bring many bowlders and frag- 
ments of foreign drift. In the two hundred and twenty miles 
from the terminal moraine of Long Island, Martha's Vineyard, 
and Nantucket, north to Mt. Washington, the slope of the ice- 
surface therefore averaged in its maximum, about thirty feet 
per mile compared with the present sea-level and hight of the 
mountain, but was only about twenty-five feet per mile through 
the greater part of the glacial period. It is presumable, how- 
ever, that in a process of subsidence of the land only the thick- 
ness of the ice-sheet, and not the slope of its surface, was in- 
creased when the mountain became wholly ice-covered. 

The bowlders found on Mt, Washington were transported 
by a glacial current moving from northwest to southeast, and 
in the distance of probably fifteen miles from their parent 
ledges to the top of the mountain they were carried upward 

' American Journal of Science, III, March, 1873, vol. v. pp. 198-211. 
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about 5,000 feet. Some of the courses of Btrise reported by 
professor Hitchcock on other mountains in New Hampshire 
are as follows : — 

Mt. Adams, west side, at hight of 5,500 feet S. 68'^ E. 

Near the gap between Adams and Jefferson. S. 33° E. 

Lake of the Clouds intersecting. S. 22° E. and S. 52° E. 

Between Mts. Franklin and Pleaeatit and the same 
between Mta. Pleasant and Clinton B. 30° E, 

Near the top of TAi. Clinton, north side 8. 47° to 52° E. 

Mt. Chnton, south peak S. 50° E. 

Mt. Webster S. 30° and 37° E. 

Mt. Wiley, top. 8. 42° E. 

Mt. Field, top. 8. 50° E. 

Mt. Field, side towards Mt. Wiltard S. 37° E. 

Mt. Wiilard, top..... 8. 23° E. 

Mt. Peqnawket (Eearsarge North), two-thirds o! the 
way from top to saddle between it and Bartlett 
mountain, at hight of 2,600 teet !^. 42° E. 

Mt. Baldface, top 8. 23° to 28° E. 

Cbocorua, side S. 42° B, 

Mt. Whitticr, West Oaaipee, top 8. 47° E. 

Red Hill, near summit S. 62° E. 

Mt. Prospect, Holdemess, summit 8. 37° E. 

Mt, Gunatock, Gilford, top 8. 62° E. 

Teneriffe mountain, Milton, top 8. 42° E. 

Pawtuekaway, nurth side S. 72° B. 

Dixville mountsin, top 6. 64° E. 

Mt. Agassis, Bethlehem, top 8. 9P W. 

Mt. Lafayette, above the Eagle Lakes, also 8. 8° W. 

Moosilauke, top 8. 22° E. 

Mo osilauke, twenty rods east of snmmit S. 27° to 32° £. 

Gardner's mountain, top 8. 12° E. 

Mt. Cuba, top 8. 28° E. 

Kearsarge mountain, Warner, top 8. 46° to 51° E. 

Ragged mountain, top 8. 23° E. 

Monadnock, top S. 21° E. 

Deflected strite are remarkably well shown on the sides of 
Monadnock, where the divided glacial current passed around 
and over it. 

An inspection of this list, and of the far more numerous 
observations of stria on the lower lands, published in the 
third volume of the "Geology of New Hampshire," shows that 
the prevailing direction of the ice movement was to the S. E. 
and S. S. E., bearing more toward the south in the southern 
and southwestern portions of the state and in the Connecticut 
valley. 
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Supplementing the obserrations of the Geological Survey of 
Vermont, Mr. Edward Hungerford published in 1868 a valuar 
ble paper on the glaciation of the Green mountains,' from 
which most of the following notes are derived, their order 
being from north to south. Strise on the summit of Jay 
Peak, 4,018 feet above the eea, bear S. 40° E. Very large 
transported bowlders occur on the top of Mt. Mansfield, with 
Btriffi bearing S. 23"^ to 28° E. This mountain, the highest in 
the state, attains the elevation of 4,430 feet. Masses of quartz 
contained in the mica schist of the top of Camera Hump, 
4,088 feet in bight, show fine lines of striation, noted in three 
places, S. 10° W., the same with variation to due S., and S. 
35° E. On the northeast side, about 700 feet below the sum- 
mit, in the path to Ridley's station, stris bear S. E. and 8. S. 
E. It is also to be remarked that the rounded northwest side 
of Camel's Hamp, and its precipitous cliff on the south and 
aoutheast, afford evidence of glacial erosion. Eollington 
Peak, 4,221 feet high, has similar rounded outlines, forming a 
"well-defined northern Btoas aide ;" and Mr. Hnngerford ob- 
served numerous small bowlders of foreign rock within twenty 
feet of the highest point. He concludea that all these aum- 
mita, the highest in Vermont, were enveloped by the ice-sheet. 

The glacial current crossed the Green mountain range from 
northwest to aoutheast and south. It transported bowlders of 
the Burlington red aandatone across the range near Camel's 
Hump, where they were carried upward 3,000 feet above their 
source, and deposited them in the Quechee valley, near the 
Connecticut river, and in Hanover, K, H., about sixty miles 
from their starting-point. 

Little is known of the glaciation of the Adirondacks ; hence 
there ia a rich har\'est sometime to be reaped in that region. 
The group, consisting of Archsean granites, gneiss and schists, 
culminates in Mt. Marcy, or Tahawus (the "Cleaver of the 
Clouds"), 5,344 feet above the sea; and Mt. Mclntyre, at 
6,113 feet, is next in elevation. Mr. Verplank Colvin, in 
charge of the Adirondack survey, states that the summit of 
Marey is contrasted with the other high peaks in its being 
destitute of glacial drift; but its embossed and rounded 
ledges, as he observes, indicate glacial erosion there, although 

' American Journal of Science, 11., voL zlv. 
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its striffi hare been obliterated by weatheriDg.* Professor 
Fay also informs me that the top of this mountain and of 
several other prominent peaks visited by him in the Adiron- 
dacks are all similar in aspect to Monadnock, none belonging 
to the type of Katabdin and Washington. The contoured 
map of Mt. Maroy, drafted by Mr. Colvin shows that it is much 
steeper on the east and south than on the north and west, as 
would be its form under glaciation from the northwest, like 
the mountains of New Hampshire and Vermont. 

This summit lies about one hundred and twenty-five miles 
west, and a few miles south, of Mt. Washington ; and its dis- 
tance north from the terminal moraine on Long and Staten 
islands is about two hundred and thirty-five miles. The 
average slope of the surface of the ice-sheet from its termina- 
tion to the Adirondack mountains, was, therefore, not less 
than twenty-three feet per mile ; and &om the Catskills, where 
the upper limit of glaciation is known, it was not less than 
seventeen feet per mile. How much it may have exceeded 
these figures cannot be determined, but what we know of 
Katahdin and Washington shows that the peak of Marcy 
doubtless lacked only a little of rising above the ice-sheet at 
its time of maximum thickness. In this connection it is to be 
remarked that the change from a northward ascent of about 
thirty feet per mile south of the Catskills, to an average of 
seventeen feet per mile, or slightly more, for the next hundred 
and thirty miles to the Adirondacks agrees well with the 
slopes of the Greenland ice-sheet observed by Nordenskiold, 
and with the northward ascent of the tee surface assumed by 
Dana in the computation above mentioned, namely, an 
average of ten feet per mile for the distance from the inter- 
national boundary to the watershed north of the St. Law- 

Dr. R. P. Stevens states that along the valley of lake Cham- 
plain the general direction of the stride is in parellelism with 
the valley from north to south, but with looal defiections to 
the amount of 20°. On the higher hills and mountains near 
the west side of this lake, including some of the eastern Adi- 
rondacks, he finds the striation to be more commonly from 
northwest to southeast, which is also its direction in the 
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Ottava basin farther north. He also notes stris bearing S. £. 
on Mt- Anthony in Saratoga coanty.* 

In New Jersey professor John C. Smock's observations 
shotr that the ice-sheet covered the highest point of the state, 
which lies near its most northern angle, at an elevation of 
1,804 feet. Its distance north from the terminal moraine is 
about thirty-one miles. The New York highlands and the 
Sbunemunk and Shawangunk mountains are also glaciated 
to their crests. Bui in the Catskill mountains professor 
Smock finds that the glacial drift and strife extend upward 
only to an elevation approximately 3,000 feet above the sea.' 
Their limit is thus a thousand feet below the highest sunmiitsi 
Slide mountain, the culminating point of this group, having, 
according to professor Guyot's determination, an altitude of 
4,205 feet. The distance from Slide mountain south to the 
terminal moraine on Staten island at the sea level is a 
hundred and five miles. The ice sheet in this distance had 
an average slope of nearly thirty feet per mile, or slightly 
less than a third of a degree ; and large areas of the Catskills 
rose above its surface at its time of maximum thickness and 
extent. 

Professor Smock writes : "The amount of erosion in the 
Catskills has been very great, since the strata [sandstones 
and shales] are nearly everywhere horizontal, or inclined but 
a few degrees from the horizon. The main valleys appear to 
have been eroded prior to the glacial epoch, and the existing 
features were largely determined by the long-continued wear 
of preglacial waters; so that the ice-sheet did little beyond 
filling partly some of the valleys and abrading the more 
prominent of the lower ridges. The valleys are essentially of 
erosive origin, obscured, however, now by glacial ddbris in 
many places. In some of them, as that of the Batavia Kill in 
Windham, the Stony Clove and Woodland Valley, there are 
very plainly marked moraines, indicating the existence and 
retreat of local glaciers. The larger valleys of the Schoharie 
Kill, the east branch of the Delaware, and the Esopus creek, 
also have their moraines, though not so well defined. Subse- 
quent to the retreat of the great mass of the continental 
glacier, these valleys were no doubt occupied by detached 
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glaciers. The toirents flowing from them evidentlj' modified 
much of the older drift, and deposited it in a stratified form 
in these valley bottoms as we now see it. ' In this way the 
moraines were partly destroyed. Ascending these valleys to 
their head, the upper limits of the thick drift masses are 
reached, beyond which, on the steeper mountain slope^^the 
explorer finds the evidences of glaciation inrocheainoutoiUiies 
and scattered bowlders only." 

The general direction of the glacial current in the region o* 
the Catskills, as shown by strise, was aoutbwestward, being 
directed normally toward the glacial boundary, which passes 
west-northwesterly from Staten island across northern New 
Jersey and northeastern Pennsylvania to Little Valley near 
Salamanca, New York. 

With the slopes of the North American ice-sheet ascertained 
in Maine, New Hampshire, and New York, we may instruct- 
ively compare that of the ice-sheet which moved westward 
from northern Scotland across the Minch and the Hebrides, 
found by professor James Geikie to have had a descent of 
twenty-five feet per mile ; "but slight as that incline was," he 
remarks, "it was probably twice ae great as the slope of the 
mer de glace that filled up the German ocean." 

In Essex county, Massachusetts, forming the northeast cor- 
ner of this state, the courses of glacial strife and transporta- 
tion of bowlders range from S. 30° E. to S. 50° E. ; elsewhere 
in eastern Massachusetts they are generally about S. 20° E. ; 
in the central portion of the state, about S. 10° E. ; and on the 
mountains of Berkshire county, S. E. Dr. Edward Hitchcock 
reported strife bearing nearly north to south on the top of 
Wachusett, and on Mts. Holyoke and Tom. In Bhode Island 
the striation is nearly due S. ; and in Connecticut generally 
S. S. E. Professors J. D. Dana and C. H. Hitchcock have 
called attention to a deflection of the stria; along the Con- 
necticut and Merrimack rivers to a course due south or a 
little west of south, conforming with the direction of these 
valleys. 

Exceptions to the general course of striation, diverging 
from it 10° to 40°, are also occasionally found in all parte of 
New England and New York. Many of these deflected strise 
doubtless belong to the time of recession of the ice-sheet, 
when the direction of flow close to the irregular indented 
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ice-border might dcTJate coaeiderably from ite former coarse. 
A large Indentation of the ice-sheet seeme then to have been 
formed within t!ie Gulf of Maine, turning the latest glacial 
movements in the vicinity of Boston, as indicated by the 
trends of drumlins, toward the southeast and east-southeaat. 
During the continued retreat of the ice this indentation prob- 
ably'eztended across York county, in the southwest corner of 
Maine, coinciding approximately with the Saco and Ossipee 
rivers. Remarkably deflected striee are found on each side of 
this tract, on the northeast being turned southwesterly toward 
it in Cape Elizabeth, Standish, and Brownfield, Maine, and on 
the top of Mt. Pleasant ; while on the southwest they are 
turned easterly and even to the north of east toward it in the 
district east of Winnipiseogee and Squam lakes/ 

After the departure of the general ice-sheet, local glaciers 
lingered, during probably only a short time, in deep valleys 
and ravines of the mountains. Indeed, at the present time 
the summer snow-arch in Tuckerman's ravine shows that a 
glacier would be formed there by slight changes in meteorolo- 
gic conditions favoring glaciation. Notes of the stride and 
morainic deposits of these alpine glaciers, and of the remnants 
of the ice-sheet itself, with local deflections of its currents 
during its dissolution within the mountain districts, are pre- 
sented by professor C. H. Hitchcock in the reports on the 
geology of New Hampshire and Vermont, partly from his own 
observations and partly as observed and originally described 
hy Agassiz, Yose, and Packard. The Androscoggin valley 
contained one of the most noteworthy local glaciers of the 
White mountains, hy which a remarkable terminal moraine, 
described by professor George H. Stone, was formed across 
the valley on the boundary between New Hampshire and 
Maine. 

Looking beyond the limited region that has been the theme 
of this essay, we may well glance again in closing, over the 
vast glaciated area of this continent. Nearly all the snow-fall 
forming the ice-aheet was brought by winds from the evapor- 
ated surface of the Bea in temperate and tropical latitudes ; 
and Dana and McGee were first to reach the conclusion, since 
established by observations about Hudson strait and bay and 
on the head-waters of the Yukon, that the moisture of the 

' Geology of New Hampshire, vol. in. pp. 122, 194. 
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winds was almost wholly condensed and precipitated upon 
the soathern part of the ice-sheet, so that it had a greater 
depth there thas far north. The course of striee and the 
directions in which the drift has been transported, together 
with the recorded observations of the upper limits of the drift 
on mountains, hills, and plateaus, indicate that a line of max- 
imum accumulation of ice extended from Newfoundland 
west-northwest to the southern part of Hudson bay, and 
thence west-southwest to the east base of the Rocky mountains 
between the Old Man and Waterton rivers, about twenty 
miles north of the north line of Montana. From this line or 
belt of its greatest depth the surface of the ice descended both 
to the south and north and the cufrents of its motion in these 
directions produced the glacial strise and drift. 

In the culmination of each of the two principal glacial 
epochs, the thickness of the ice-sheet over central Newfound- 
land and Labrador was probably 3,000 to 6,000 feet, increasing 
to 10,000 or 12,000 feet on the Laurentian highlands and in 
the basin of James bay and over the south part of Hudson bay, 
the bottom of which is about 400 feet below sea level. Thence 
westward the ice-sheet in the earlier and more severe epoch 
of glaciation probably decreased in thickness to 8,000 or 
7,000 feet in the region of Reindeer and Winnipeg lakes, and 
farther west it declined to a depth of only 2,000 to 1,500 feet 
at the Cypress and Sweet Grass hills. Contemporaneous with 
this northeastern ice-sheet in its time of maximum extent, 
vast glaciers issuing from the Kocky mountains pushed against 
its western border, and another ice-sheet was formed on the 
Pacific side of the continent, covering nearly all of British 
Columbia. The greatest thickness of this western ice-sheet 
was apparently between latitudes 55° and 60°, and at a distance 
of two hundred to four hundred miles from the coast, attain- 
ing probably a depth of a mile or more above the land surface. 
Thence its motion was southward to the northern borders of 
Idaho and Washington, westward through the mountain 
ranges of the coast to the ocean, and northwestward, according 
to Dr. George M. Dawson in the Lewes and Felly valleys of 
the upper Yukon basin. In the earlier glacial epoch, and per- 
haps also the later, the northeastern and western ice-tieldB and 
the glaciers of the Rocky mountains became confluent, so that, 
when they covered their greatest area, one vast sheet of land 
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ice stretched aerosB the continent &om Newfoundland and 
cape Cod to Vancouver island. 

During the second and last great epoch of glaciation, when 
the terminal moraines of the northern United States, Mani* 
toba, and the Saskatchawan region were accumulated, the 
extent of the ice-sheet in Pennsylvania, New Jersey, and New 
England appears to have equalled or exceeded that of the 
earlier ice-sheet ; but within the Mississippi basin it fell short 
of the earlier limit by a belt whose maximum width is about 
two hundred and seventy-five miles. The northwestward con- 
tinuation of the outer terminal moraines of this epoch, beyond 
the north line of Dakota, is believed to coincide approximately 
with the continuation of th^ Goteau du Missouri and with the 
Neutral and Beaver hills, crossing the South and North Sas- 
katchawan rivers respectively about three hundred and twenty- 
five miles and twohnndred miles east of the Rocky mountains. 
The thickness of this later ice-eheet upon the area of Hudson 
bay and eastward was apparently as great as that of the 
earlier glaciation, but westward from Hudson bay it dimin- 
ished in thickness more rapidly, probably having a depth of 
about 6,000 feet over Reindeer and Winnipeg lakes, and termi- 
nating east of the Hand, Cypress, and Sweet Grass hills, 
which had been islands surrounded by ice in the previous 
glacial epoch. As president Chamherlin has suggested, the 
great lakes of British America, namely, Winnipeg, Reindeer, 
Athabasca, Great Slave, and Great Bear lakes, with the Mac- 
kenzie river, may be found to sustain the same relationship to 
the western and northwestern boundary and terminal moraines 
of the later ice-sheet formed on the northeast part of our con- 
tinent, that has been found along its southern border in the 
United States for the great Laurentian lakes and the Missouri 
and Ohio rivers. _^ 

THE MES0201C SERIES OF NEW MEXICO. 
II. 

Dr. Newberry was sent again to New Mexico in 1859, as 
geologist of Capt. Macomb's exploring expedition to the Grand 
and Green rivers of the great Colorado. A short r^sumd of 
this second expedition was published at once in the Amer. 
Jr. Sci. vol. xxviii, p. 298, September, 1859, under the title : 
"Dr. Newberry's late explorations in New Mexico — he shows 
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Marcou's so-called Jurassic to be Cretaceous ;" and seventeen 
years later bis foil "Geological Report," nitb eigbt plates of 
fossils, DO geological map, 4to, Washington, 1876. 

Tbere are curious paragraphs in those two reports. In the 
T^sam^ we read : "At Galisteo Ifound upper and lower Creta- 
ceous rocks beautifully exposed, and in the lower Cretaceous 
sandstone (Jurassic of Marcou) dicotyledonous leaves" "The 
(true) Jurassic may be in New Mexico, but we have not yet 
detected it. Marcou's Jurassic is certainly not so." "Near 
Oalistflo in the yellow sandstone specifically noticed by Mr. 
Marcou and regarded by him as Jurassic and identical with 
that of the Llano (Estacado), I found impressions of 
dicotyledonous leaves, which proves it to be Cretaceous." To 
sustain such sweeping assertions contrary to my careful ob- 
servations about GaliBteo, Dr. Newberry has not given a 
geological map of the vicinity of Galisteo nor even of any part 
"of the Rio Grande del Norte valley, nor a single section ; nor 
has he located with any degree of accuracy a single spot of the 
vicinity of Galisteo, -and what is more he has never figured, 
described, or even named a single dicotyledonous leaf. 

I found the Cretaceous rocks at Galisteo in 1853, and I gave 
a geological map, scale 1 : 900,000, with a tolerably exact distri- 
bution of the Cretaceous, Jurassic, Triassic, and Carboniferous 
systems, between Santa Fe, Pecos village and Galisteo. I 
published with good figures two Cretaceous fossils, found north 
and west of Galisteo : Ptychoilua whipplei ' and Inoceramus 
lerffuxi. After finding for the first time in the United States 
the Jurassic system with characteristic Jurassic fossils : 
GrypKma dilatata var. tuoumcarii and Oatrea marshii, in 

'Dr. Newberry in his deecripiion "f Ptyckodua wliipplri (Ex]iloT. 
Exped.from Santa Ff to junction of Grand and Grren rircri, p. 138,) 
eavs: The Ontrra o( which Mr. Marcou speaks as occurring with Pt. 
whipplei ia not O. eongeila, as lie cupposea, but 0. higubrit of Conrad. 
The place of O.congeita is n llltio higher in the series. Ori/pkiea pitcheri 
is found a few fept below." Every one of these (■talomeiitB ia errone- 
ous. It was Mr. Hall and not I, who descrribed nnd figured the Oitrea 
congeita {Padjfic R. R. Explor. vol. in. p. 100). I do not refer or speak 
of O. conge»ta in my Grology of North America, where are depirilied my 
Cretaceous foflsila. The Oitrra eongetta describrd by Mr. Hh)1, 



found by me at the same boriKon and the same bed an Pt. whippley 
and the G. pitcheri found a few feet below, in a Grtiphira which has 
nothing lo ao with the G. pitcheri of the Neocomian of the Indian terri- 



tory. A few pagea before, p. 122, Meek in describing the Creifli 
fossilB collected by Dr. Newljerry, sayH that the Lower Division 
f= Dakota group) contains Ammoniieti percarinatuf. Ejtogyra, Grypksa 
(undetermined iragments), and leaves of Salij', Platanai, Qtitreui, in 
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the Tucumcari area. I followed the continuity of its strata 
irith great care on account of a few denandations, to Los 
EstaroB, Man of War hutte, cafion Blanco, and the npper part 
of the meea ahove Cueata, San Miguel and opposite Pecos vil- 
lage. As to the Triaasic system, I travelled over its strata^ 
almost uninterruptedly, except a few spots of Neocondan and 
Jurassic, from the west side of the Delaware ridge to the old 
Fecos church ; that is to say, a distance of 550 miles. 

My observations can easily be controlled and followed, by- 
means of my papers and my geological maps ; while until now 
Dr. Newberry has failed to show dicotyledonous leaves in my 
Jurassic yellow sandstone four miles northeast of Galisteo^ 
and at the top of the mesa above Pecos. Dr. Newberry has 
also failed to show in any way the existence of the Gryphoea 
pitcheri ^of the Neocomian of Texas and Indian territory which 
he says he found "a few feet below the Ptychodus -whipplei" 
near Galisteo and at Naciniento mountains associated with 
Ostrea oongeaia and Inooeramus prohlematious; and finally 
he has completely failed to prove that he h^ "shown Marcou's 
so-called Jurassic to be Cretaceous," On the contrary Capt, 
C. E. Dutton in his "geological map of northwestern New 
Mexico (Sixth Ann. Rep. O. 8. Oeol. Surv., plate xiv, p. 128, 
Washington, 1885)" has followed my geological map of 1853, 
mapping and coloring as Jurassic, all the road I followed and 

■ yellow or brown aandatone. "The vegetable rem aina * • * have 
been investigated by Dr. Newberry, in whose report the reader will 
find them fnlly described and illustrated." ^olhing of the kind 
exists in the report. The nhit« and yellow sandstone of the canon 
Blanco and ol the Mesa-wall north of Galisteo, do not contain 
dicotyledonouB leaves ; and the eiistence of them in my Juraaaic strata, 
as well as the existence of tlie typical O. pitcheri of the Indian territory 
Neocomian does not rest on anyjiroved /acts. All is imagination. 

'To my knowledge the name Gruphxa pitcJieri has been applied 
wrongly to five different species of Gryphrta, which have absolutely 
nothinf; in common with it. Like all the Oryphma, the O. pitcheri 
varies m certain extreme limits, due to age, condition of preservation, 
and adherence of the lower valve, but retaining always the main 
characteristic of the species, which consists in havinii the beak of the 
lower valve — if not completely obliterated by adhesion — always com- 
pretted tateraUy more especiatly on the left side. Two of these false 
0. pitcheri exist in Texas, a th'ird is the 0. dilatata var. tucumcarii, a 
fourth is the Oryphxa related to G. calceola of Covero, and the fifth has- 
been figured by Dr. C. A. White, in Wheeler's Palaontolojy, part i. 
vol. IV. plate XVII. p. 171. As to the Grypkira so often auotea and 
referred to G- pitcheri by Dr. Newberry, it is impossible to Know what 
it was, as I have said in mv note "The original locality of the Oryphxa 
pilcherC' lAmer. Geoloaiit, March, 1889, vol. it. p. 18S). — A monograph 
of the American Gryphaa is in preparation. 
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marked as JDrossic from Covero to Zani. And professor Rob- 
ett T. Hill has recognized, in 1888, at the Little Tucnmcari the 
Jurassic system, with its characteristic fossil the GryphoBa 
dilatata var. Tueumcarii, saying in a printed circular : "The 
reaffirmation of the age of the Tucumcari section along the 
northwest corner of Texas to be uppermost Jurassic, as origi- 
nally described by Marcou." 

The only change made by Dr. Newberry in his classification 
of 1858, is that he baa become convinced that the fossil plants 
of the coal of Moqui, which he called a "Jurassic fiorula," do 
not belong to the Jurassic system, for be says : "It is, how- 
ever, true at the present time (1876J that no Jurassic plants 
have been found on this continent;" showing once more 
how unreliable fossil plants are for the determination of the 
age of strata, and what degree of confidence may be placed in 
Dr. Newberry's palffiobotanical conclusions. 

The r^sum^ of Dr. Newberry's exploration of 1869 contains 
a paragraph which I should not have written, notwithstanding 
the numerous provocations of my opponents ; but as it applies 
so well to the extraordinary clasBifieation they have chosen to 
make and to perpetuate by all meaos, as well for the Mesozoic 
series of New Mexico, the Indian territory and Texas, as for 
the Palfeozoic series of New York, Vermont and Canada, I 
shall quote it : "These unfortunate American geologists find 
to their confusion that the roof of their geological edifice was 
constructed before the foundation was laid" (Amer. Jour. Sci., 
xxviii. p. 299, Sept. 1859). 

1863. Mabcou. In an exploration of eastern Nebraska and 
western Iowa made during the autumn of 1863, I recognized : 
first, the Dyaasic system at Nebraska City, extending farther 
north my discovery of the Magnesian limestone or Permian of 
Arizona and of Topofki creek of 1853 ["Une reconnoissance 
g^ologique an Nebrf^ka, Paris, 1864;" "Carbonformation und 
Dyas in Nebraska," von H. B. Geinitz, 4to, Dresden, 1866; 
and "LeDyaB au Nebraska," Paris, 1867] ; and secondly the 
true White chalk, with chalk like the European white chalk 
of England and France, at Sioux City. The main object of 
my visit in Nebraska was to see the original locality of Black- 
bird Hill, given as typical by Meek and Hayden of their 
Dakota group or lower Cretaceous No. 1. I found dicotyledo- 
nous leaves at Tekama, at Blackbird hill and at Sioux City ; 
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and to my great delight I saw that the Dakota group was 
identical with my Nova-Mexican Galisteo division of the 
upper Cretaceous; several fossils being identical, such as 
Ammonitet percarinatus, Iiioceramva problematicua, Ostrea 
congeata and fragments of fossil fiehea. But more, I saw at 
once that the so-called lotver Cretaceous of Messrs. Hall and 
Meek, was not lower Cretaceous at all, but far above the true 
lower Cretaceous orNeoeomian of Texas and the Indian terri- 
tory, and even above the middle Cretaceous of Shawnee vil- 
lage (Indian territory); and I elaseified the Dakota group at 
its right place in the scale of American stratigraphy, as the 
inferior part of the upper Cretaceous or true Chalk division of 
Europe. At the same time I opposed the identification by 
Meek, Hayden and Hall of my Jurassic rocke of the Tucumcari 
area, with their Dakota group, insisting upon the absolute 
difference between the two systems ("Une reconnoissance 
geologiqueau Nebraska," Paris, 1864; "Les phyllites cr^tacees 
du Nebraska, par J. Capellini et 0. Heer, Zurich, 1866; and 
"Le terrain cretace des environs de Sioux City, de la mission 
dea Omahas et de Tekama, sur les bords du Miasouri," Paris, 
1886). 

The identification and synchronism of the Oalisteo division of 
my survey of 1853, with the Dakota group of Sioux City, mod- 
ified my classification of the upper Cretaceous of New Mexico, 
reversing two subdivisions ; for it was evident that the gray 
marls with Piychodus, whipplei, Ammonites percarinatus, 
Inoceramua problematicus and Ostrea congeata of the 
northern vicinity of Galisteo, were at the base instead of the 
top of the New Mexican White Chalk. I was glad of it, for in 
my rapid reconnoissance of 1853, I had regarded and noted 
the Cretaceous sandstone opposite Albuquerque as the young- 
est member of the Cretaceous system in New Mexico ; but not 
having the time and occasion to follow the strata in order to 
see the contact of the three divisions established by me in the 
upper Cretaceous, I yielded with some reluctance to the 
pala;on to logic rule, insisted upon by my friend Louis Agassiz, 
that the genus of fish Piychodus was characteristic of the 
utmost upper part of the White Chalk of England and France ; 
and as a consequence I made a slight mistake in the Btrati<t 
graphy of the upper Cretaceous of New Mexico, 



,y Google 



The Meaozoic Series of New Mexico. — Marcou. 221 



— Sectification to Table I, for the upper Cretsceoae of New 
Mexico ; mnde in 1863, by J. Marcou. 



Albuquerque 

Puerco 

area. 



c. White eaadjitODe, with AmmonUet 
novi mexicani, SaculiUt and Inocera- 
mvs. It forms the whole mesa be- 
tween Albuquerque and the Rio 
Puerco.— Lately, 1888, Mr. J. Collett, 
of Indianapolis, has discovered south 
of Albuquerque, at Carthage, near 
Socorro, in the continuation of the 
white sandstone an Ammonitet lentieu- 
larii Meek, of the Fox Hill group of 
the upper Missouri basin. 

b. Black marl and sandy limestone with 
Inoeeramm lerouxi. Ravine of the Bio 
Gatisteo, at the crossing of the ro&d 
from Santa F<! to Sanfelipe:^t rep- 



whipplei, Ammonatii percarinaluM, In- 
oceramut problematical, and Oalrea 
congetta; north of Golisteo, lying in 
discordance of stratification over or 
against the white and yellow Jurassic 
eandstone. — It represents the Dakota 
group of Iowa City and Nebraska. 



1867. LeConte. The entomologiet, John L.LeConte, during^ 
a aurvey for the Union Pacific railway, touched ray road by 
the 35th parallel, from the Rio Pecos above Cuesta, to Caflon 
Blanco, Tigeras, and Albuquerque. In hie report : "Notes 
on the geology of the survey for the extension of the Union 
Pacific railway, E. D., from the Smoky Hill river, Kansas, to 
the Rio Grande," pp. 30-36, Philadelphia, 1868, he says, speak- 
ing of the rocks he saw in the Pass called Puertocito del Padre, 
in ascending the bluff from the Rio Pecos, to the mesa due 
east of Galisteo : "The section of a mesa of Cretaceous sand- 
stone underlaid by the marl series of red, white and greenish 
strata of the Trias. Whether there be any Jurassic strata 
between the Trias and Cretaceous has not been ascertained"* 
, . . , "it is very probable that the upper beds of the marl 
series may be eventually classed with the Jurassic." N& 
fossils and no geological map, or exact section, are given. 

1869. Hayden. Dr. Hayden in his "Third Ann. Report, 
pp. 165-166, Washington, 1873, says : "I am inclined to the 
belief that in the mesa, which looks so conspicuous on our 
left, on the road to Santa F^ (from old Pecos church), we 
have the first series of variegated beds, or Jurassic, including 
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the fine-graiDed sandstoneB that cap them, and the second 
serieB, Triassic; and that the remaining sedimentary beds are 
composed of Carboniferona, and possibly some Permian exists 
in that region." Exactly what any geologist passing over that 
road, with my geological map of New Mexico of 1853 in hand, 
would have said. No fossils quoted, no geological map, no 
detailed section; eo Dr. Hayden's teconnoissance of 1869, 
from Pecos to Santa F^, was siroply a summary repetition of 
my observations. 

1879. Stevensok. Now we come to the survey executed 
"somewhat closely, from Las Vegas to Galieteo creek in 1879," 
by professor J. J. Stevenson. It is published in a 4to volume, 
called vol. iii, Supplement, Geology; Wheeler's TJ- S. Oeogr. 
surveys west of the 100th meridian, Washington, 1881. 

The volume contains fossils, sections and a geological map 
of a "Part of north central New Mexico," touching and em- 
bracing in its limit some part of my geological map of New 
Mexico of 1853, so that comparison may be made. Scale of 
the map 1 : 253, 440. We must say at first that no Mesozoic 
fossils are Egured or described , and that no list of species is 
to be found in any part of the volume, which relate to the 
Mesozoic rocks. "The title used by professor Stevenson in 
his paper in The American Geoloaist, vol, iii, p. 391 : "The 
Mesozoic rocks, etc.," seems to imply that his classification 
and description are entirely based on palEeontoIogy ; but on 
the contrary, all his remarks, descriptions and classifications, 
as well in his paper as in his large 4to volume, are purely 
lithologic; the paleeontology is never mentioned anywhere, 
and even the stratigraphy is seldom referred to, more espec- 
iallv the discordance of the strata, which is passed entirely 
unnoticed. 

The classification on the map is : 

( Laramie. 

Cretaceous. ■! Colorado. 

( Dakota. 
Linear outcrop of Jura-Trias. 
Carboniferous. 

Besides these are special divisions for the Tertiary, Quater- 
nary, Igneous and Crystalline rocks. 

Let us compare the only two geological mape of central 
New Mexico, of a tolerably large scale, in existence until 
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now. On professor Stevenson's map, the Dakota group — the 
onlf CietaceouB group I shall refer to — occupies all the mesa, 
from its extreme limit or rim, from near Lamy Junction to 
opposite San Miguel, extending west almost to the village of 
Qaliateo. On my map the Dakota Cretaceous is limited to 
only three miles north, east and south of Galisteo; and all 
the vast mesa from its rim to only three miles from Galisteo 
is occupied by the Jurassic rocks, with three outcrops of Trias 
inclosed, no one of which is marked on Stevenson's map. 

Professor Stevenson has limited what he calls a "linear out- 
crop of Jura Trias," 700 feet thick, to the perpendicular cliff, 
which begins at the rim of the mesa, and follows all the 
anfractuosities of the mesa wall. It is limited to a sort of 
stone wall, of a serpentine-like form, unknown until now in 
the world, for two great systems of strata, the Jurassic and 
the Triassic, combined In one, almost horizontal or very 
slightly inclined. On my map the Trias, 1,600 to 2,000 feet 
thick, occupies not only the mesa-wall, hut extends all over 
the valley of the Santa F^ stage road, and also down the 
whole valley of the Rio Pecoa ae far as south of Antochico, an 
area which has been colored by professor Stevenson as belong- 
ing to the Carboniferous. 

As to the Jurassic system at Cafion Blanco, at Cuesta, and 
opposite old Pecoa church, the thickness is about 250 feet and 
very likely more, in its extension over the mesa. And both 
together, Jura and Triae, instead of being a serpentinuous 
linear outcrop as marked on professor Stevenson's map, on 
the contrary occupy a vast^ surface, as I have colored them 
on my map ; and they are not confounded in a single system 
anywhere. 

On my map the Carboniferous is limited to the north of the 
Santa F^ stage road, and I have placed the Trias in direct 
contact with the Aioic or crystalline rocks, just north of 
Lamy Junction, where the stage road crosses th^ crystalline 
rocks area. On professor Stevenson's map there is no contact 
of the Trias with the crystalline rocks, and we see instead a 
large band of Carboniferous surrounding the crystalline rocks, 
which certainly does not exist at the stage road crossing. 
West of Pecoa village I have delineated on my map the Car- 
boniferous approximattvely, because I was not there, and 
what I know of it was obtained in looking over &om the top 
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of the mesa opposite old Pecos cbuTcb. Professor StevensoD 
has extended there the Carboniferous, on the whole area of the 
Rio Pecos valley, in places which to my knowledge are occn- 
pied only by the Triassic system. 

Professor Stevenson divides his Dakota group into upper, 
middle and lower, with a thickness of no less than 1,700 feet, 
admitting an abnormal increase of thickness, and a litbology 
very variable and differing from the Dakota of the state of 
Colorado. He does not give the name of a single fossil, and 
passes silently over the finding there by Dr. Newberry of 
dicotyledonous leaves and of Oryphisa pitcheri. He calls it 
a "Dakota group greatly expanded," "but while so doing made 
the remark that the whole series may he Triassic, or may he 
Cretaceous, the grouping having been made simply for con- 
venience ;" an uncommon way of classifying Meeozoic rocks. 
And professor Stevenson adds : "This remark is too narrow, 
an it left the Jurassic out of consideration . . . there iB a 
possibility that some portion of this may belong to the 
Jarassic. But the writer is inclined rather to look upon it 
all as helonging to the Cretaceous.^'' (The American Geologist, 
vol. III. p. 396, Minneapolis, June, 1889.) 

These quotations and remarks show what sort of confidence 
can be given to professor Stevenson's geological map of New 
Mexico, and to his classification and description of the New 
Mexican Mesozoic rocks. 

Classification op New Mexican and Texan Mesozoic 
SERIES. As a resume the following Table V, (p. 225) expresses 
the views entertained from the beginning of the classification of 
the various formations, hy their different authors. They are 
placed in order of dates. 

I shall add that Dr. Newberry said at the Berlin meeting 
of the International Congress of Geologists: "Jesuisfond^ 
& dire que quant au Permien proprement-dit, il n'exiet par 
dans les Etats Unis." Mr. James Hall joins Dr. Newberry in 
his view of suppressing the Dyaesic system in America ( Con- 
gris Oeologique, 3me session, 1885, p. c. Berlin, 1868). Pro- 
fessor Stevenson in his report of the sub-committee on the Car- 
bonic (The American Geologist, vol. ii. p. 248, Minneapolis, 
1888) has suppressed the Dyossic system in North America ; 
according to his views and observations the Dyassic fauna 
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and flora belong simply to the upper Coal MeaBuree, and even 

only as a sub-division or eub-^tage of the 4th order I 



\ 


.—Table showing the clasaifieation of the llesoBoic serips of New 
Mexico, the Panhandle of Texas, and the Indian territory. 


J. Mcircou, 
1853. 


James Hall. 
1857. 


J. S. Newberry. 
1857-76. 


J. J. Stevenson. 
1879-89. 


I 


Upper 

Cretaceons 

WhiteChalk 
(N, Mexico.) 


Upper and 

Middle 
Cretaceous ; 


Upper 
Cretaceous. 


Laramie group. 
Colorado group. 


i 


Middle 
CretaceoQa 
(Indian Ter.) 


i 

s 

a 

E 
o 


d. 

P 


o. 


i 


Lower 
CretaceouB 

(Indian Ter.) 


1 


Jl-rabsic 

Ststbh. 

(Tucnmcari.) 




(A 

(1 

a 


Thiabbic 
Sybtbm. 
on g the Cana- 
dian river.) 


Triaesic. 
(in part.) 


crop of Jura- 
Trias. 


ASBic Sybtbu. 
opoki creek 
nd Colorado 
Chiquito.) 


Permian 
or Trias. 


1 


CorboDiferons. 


Carboniferona. 


Carboniferous. 


o 



CoHCLDBioNa. When I entered on the very broad area of 
Mesozoic strata, on the 35th parallel, I was happily prepared 
by a tare training, for the work before me.' During 1846, '47 
and '48 I had published the most detailed and rational clasHig- 
cation of the upper Triaa, of the whole Jurassic aystem, and 

' The undertaking of a crossing from the Mississippi to the Pacific 
shores was considered then, 1863, so hasardous, that all the geolo^ta 
of any standing, to which the ofier to accompany the three expeditions 
Bent by the govemment for the Paci&c railroad explorations was made, 
declined to go. Strongly pressed by professor Henrv of the Smithso- 
nian, who made me the oflfer, entirely nnaolicitea by me, and who 
proposed to me to choose the road and expedition which pleased me 
most, by a happy chance, I took the most southern road, where the 
Mesoxoic aeries is found covering two-tbirds of the distance, and 
where it ia more developed tlian an any other line across the con- 
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of the Neocomian of the Jura mountains of France. B«EideB I 
bad had the precloue advantage of haviiig carefully explored 
the whole aeries of the Trias, Jura and Cretaceoas systems in 
central France, in Switzerland and southern Germany. My 
classification and nomenclature for the "Jura salinoie" had 
been accepted and used by Bemardb Studer in his "Geologie 
der Schweiz," by Albert Oppel in his "Die Jura formation, 
Englands, Frankreichs, und siidweBtlichen DeutBchlands," by 
Alcide d'Orbigny in his "Cour de pal^ontologie et de geologic 
stratigraphiquea," by F. Jules Pictet, in his "Traits de Paleon- 
tologie," and by all observers and writers on the Meeozoic 
aeries of central Europe ; and they are still used even to this 
day as typical for the Jura area. 

Notwithstanding such an excellent preparation, and the care 
I took to submit my fossils to Louis Agassiz, d'Orbigny, 
d'Archiac, Deehayes, Pictet, etc., my observations and classi- 
fications along the 35th parallel were not only opposed, bat 
rejected in a lump by an association of geologists led by 
Messrs. James Hall and J. D. Dana. The character of the 
opposition may be sufficiently indicated by the quotation 
of a single paragraph of Mr. Daoa, who says : "In conclusion, 
we would say that our reconsideration of the labors of Mr. 
Marcou in America has not raised our estimate of their value. 
We know well that if any American geologist had mapped onr 
strata and synchronized those of America and Europe on 
such data as have satisfied the author of the 'Geology of 
North America' he would have been deemed young in the 
science, with much yet to learn before he would have a sober 
hearing." {Amer. Jr. Sei., vol. xxvi. p. 323, Nov., 1858.) 

Themostsingularpartofthatoppositionisthat itia made by 
persons, no one of whom has ever studied with anything like 
thoroughness, practically and theoretically, a single bed of the 
Mesozoic rocks of Europe ; and no one of whom then, in 1S57, 
bad seen anywhere west of the Mississippi river the American 
Mesozoic rocks. When read calmly by unprejudiced geolo- 
gists and by observers who know practically any of the typi- 
cal regions of the Trias of Wiirtenberg, of the Jurassic of the 
Jura mountains, of Burgundy, Noi>mandy and England; of 
the Neocomian of Neucbatel ; of the Gault and White Chalk 
of the Paris basin ; and who have made practical researches in 
the field in Texas, Kansas, the Indian territory, New Mexico 
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and Arizona, the criticB and strictureB of my adverBsries can 
not be taken Beriously into consideration, having no basis to 
rest upon, either palieontologlcally, lithologically or strati- 
graphically. 

Instead of improving my claeaification of the American 
Mesozoic series of 1853 and contributing to the progress of 
American geology all the efforts of my critics during the laet 
thirty-six years have been directed to prevent its acceptance. 
They have failed to give a single new fact, only mixing the 
series of Mesozoic strata in a hopeless mass of confusion and 
errors ; and by their obstruction preventing the acceptance of 
truth and misleading the geologUts who have trusted them. 

I am glad to eay that a new generation of young observers 
has at last come to the front ; and that already the Necomian 
has been signalized on vast surfaces of Texas and in southern 
KauBas ; the Jurassic is recognized in the Tucumcari area and 
western New Mexico; the Trias ia extended south and north 
of my line of travels by the 35th parallel; and finally the 
Dyas (Permian) of Topofki creek has been explored again and 
reeognized as such, and its .extension north into Kansas is 
also admitted. 

PoBT-ecBiprnu, — Two errors in the printing of tlie first part of my 
paper require explanaUon. 

1. At p. 162 the designationB given at the left hand of the section of 
Pyramid Mount by Mr. James Hall ought to show thai the bracket 
under the worda: "correepouding to Nebraska section No. I," does 
not slop at division A of the upper Keuper. but goea indefinitely lower 
down, OB it is printed in the Mexican boundary line, vol. i, p. 13S; for 
Mr. Hall inclossB in his Nebraska section No. 1 , not only two-thirds of 
my Jurassic system, but also the whole Trias and the whole Dyas. 

2. At p. 159 the editor says in a foot note, in regard to my apeci- 
mena placoA without my uonsent or even knowledge in the hands of 
Hr. James Hall: "They were placed in his hands by order of the 
chief of engineers, through Mr. W. P. Blake." The chief of engineers 
had absolutely nothing to do with the whole matter. Here are the 
facts. 

Obliged by bad health to go to Europe, by doctor's order, I begged 
leave of absence from Capt. A. W. Whipple, chief of the explorations 
by the 35th parallel, my direct and only chief, who acceded at once. 
Almost at the last minute, when 1 was on the point of putting my foot 
on the deck of a Cunard steamer, 1 was ordered by Jefferson Davis to 
remain in the United States, or to give up my notes. It was materially 
impossible to obey either alternative. After my arrival in the Jura 
mountains, I surrendered my note-books and specimens to the secre- 
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taxj of the American minister in France, who gave me a discharge and 

According to a special act of GongreBS, dated March 31, 1S53, the 
explorations for the most practicable route for & railroad from the 
HisBissippi river to the Pacific ocean, were placed directly under the 
charge ot the secretary of war, then JeSerBon Davie, who at once 
established a special office entirely Independent of the chief of the 
topographical engineers, or of the chief of engineers. The bead of 
that special bureau reported directly to Jefferson Davis. In Angnst 
IS34, the chief of the new office was Capt. A. A, Humphreys, topo- 
graphical engineers. I must say that my friends Capt. A, W. Whipple, 
J. Pope and A. A. Humphreys did all they could in their subordinate 
positions to have Jefferson Davis rescind his order and allow me to 
write my report. Even more, professor Joseph Henry of the Smith- 
Bonion institution, made several direct and personal applications to 
Jefferson Davis without any success. Capt. Hamphreys finally deliv- 
ered my note-books and specimens to Mr. W, P, Blake, and not to Mr. 
JameB Hall, to describe and prepare a report. 

In entering on his duty Mr. Blake wrote me saying: "If yon wish 
to present any modiSiiation or explanation of yoar views, please write 
me and I will regard your wishes — being deeirous to accord yon every 
privilege." Mr. Blalcenot only placed my specimens and note-books 
in the hands of Mr. James Hall against my wishes, but not satisfied 
with his exlraordinary report of my route, read before the American 
Association for the Advancement of Science, at Albany, August, 1856, a 
violent and wholly incorrect paper against all my work and researches 
in American geology. 

A few extracts from letters of my beloved and much lamented chief 
A. W. Whipple, since killed at the battle of Ghancellorsville, Kay, 1863, 
a majorgeneral, when fighting against the troops of Jefferson Davis, 
will show his views on the subject. 

In a letter to my correspondent in Boetan, Mr. A. E. Belknap, dated 
April 13, 1859, he says : "I feel assured that Mr. Marcou has behaved 
in the most disinterested as well as honorable manner." It was in 
regard to the giving np of my note- books and specimens, and flnishii^ 
my account with the two surveys of Whipple and Pope. 

In a letter dated Oct. 23, 1856, Washington, Whipple says: "I 
received from baron de Humboldt a letter speaking very highly of yon, 
and endorsing your discovery of the Jurassic formation npon onr 
Tonte. I think there will be an effort to criticise that part of your 
report, but doubtless the effect will be to give yon more credit in the 

Finally in sending me his final report he says : "I hope in perusing 
vols. 2, 3 and 4 of the Pacific Rail Road reports, you will perceive that 
I have endeavored to prevent injustice from being done to you. It Is 
iny opinion that yoor enemies have, by their conrae, injnred ttiem- 
mIvm in the estimation of the scientific world." 
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Aa to goner&l Hamphrejra, late chief of engineers, I have received 
from faim all sorts of proof of his friendship, asking me to renew ray 
connection with the engineer corps, which I did, in accepting first, an 
exploration of s part of sonthern California in 1B75 ; and second in 
helping C&pt. A. W. Wheeler in his report on the ' 'Thini International 
Oeographicsl Oongreaa, at Venice. Italia," 4to, Washington, 1&86, 
which contains such a complete report upon the national geological 
surveys of the world, dne entirely lo me, although my name does not 
appear in the title, but only and sparingly in the introductory note. 

CmBUDal, Uabs., SeptemtMr, 1889. 



NOTE-TAKINO AND THE USB OF MAPS IN OEOLOOICAL 
FIELD WORK. 

By Alio. F. FOBBBTS. 

For geological work coveriog only a small area and confined 
to the consideration of simple, or at least single problems it is 
often unneceesary to keep any detailed system of notes. As 
the area under investigation increases in size, or the problems 
suggested by the same become more intricate it is no longer 
safe to trust to memory for the facts, and notes carefully pre- 
pared in the field are imparativety demanded. If the notes 
taken for this purpose are not too numerous great individual- 
ity of methods of recording the same naay be permitted with- 
out detriment to the work or loss of time. With each man, 
however, there ie a limit at which notes arranged indiscrimi- 
nately can no longer be readily found, and some sytem must 
be devised by which notes referring to any part of the country 
under investigation may be readily found or the localities 
described in any series of notes may be readily traced on the 
map. Having frequently noticed the difficulties experienced 
by geological friends in the use of methods of many different 
kinds, I have thought that possibly it might be of some assist- 
ance to geologists in general to describe a system I devised 
some years ago, which as a matter of originality ie not of a 
high order, but which for its practicability in actual field work 
has shown fewer defects than any system I have actually used, 
in all cases where the country under investigation has been 
accurately mapped. 

A map or series of maps covering the entire country under 
investigation is secured. On these are traced two series of 
parallel lines at right angles to each other. It has been found 
in practice that a distance on the map corresponding to one 
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minute of longitude or latitude is the most convenient tnter- 
val between these lines. The parallels or meridians already 
marked on the map will be of assistance in determining the 
positions for the smaller divisions here desired. Each square 
or parallelogram thus formed is considered aa an individual 
in the use of the map and the localities investigated 
in each are numbered consecutively in the order in which the 
notes have been taken in the field. In practice we have never 
found more than forty notes necessary in any one square or 
parallelogram (we shall call these divisions squares hereafter, 
although mathematically this nomenclature must be consid- 
ered incorrect for most parts of the world). The notes are 
numbered in such a way as to correspond with the figures in 
the map. This method has the advantage in not requiring the 
use of large numbers running into the thousands, and there- 
fore permits the designation of a greater number of localities 
in close proximity to each other if found necessary or con- 
venient by frequent exposures in the field. It becomes nec- 
essary, however, to designate by some means or other the 
squares, since in this method the same numbers are apt to 
occur in any or all of the squares. For this purpose some 
parallel and some meridian dividing the field somewhere near 
the center is taken and all the squares running northwards of 
the parallel are marked consecutively with the ordinary 
printed capital letters used by the English. Omitting the 
letters already employed the squares south of this parallel are 
marked in the same manner by letters of the Greek and Rus- 
sian languages. East of the meridian accepted for reference 
the sqaares are marked by the small written letters of the 
English script, and west of this meridian by the small written 
letters of the Arabic language. This does not necessitate the 
understandingof asingleoneof the characters in use. They are 
merely conventional figures used to designate squares and their 
convenience lies in the fact that they are simple, readily made, 
easily recognized, and being the result of centuries of human 
activity in the art of using written and printad characters, are 
apt to be superior in convenience to any conventional figures 
invented by ourselves. 

To designate any locality in the notes it is only necessary 
to mention before each note the printed capital and the small 
written letter designating the square together with the nnmber 
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of the locality. On the map itself the number alone will be 
sufficient, the squares being supposed to be permanently 
labeled before entering the field. As a matter of experience 
it baa been rarely found possible to secure a map which would 
stand the test of continued uae in the field without the abras- 
use of the map and the erasure of the notes. It has been found 
convenient, therefore to cut up each map into pieces of such 
size as are likely to correspond to the capacity of each note 
book in use. For note hooks 13 by 20 cm., containing a 
hundred pages, sections of the map corresponding to fifteen 
degrees of longitude and the same of latitude have been found 
moet convenient. Each note book containing such a section 
may be conveniently labelled across the edges of the leaves by 
the name of the largest town in that section of the map or 
some other prominent characteristic. That section of the 
map which is intended to accompany any particular note 
book is then cut up and pasted permanently on the cover and 
leaves of the first part of the book. If the note book is made 
as it should be of good stout linen paper a thin map in this 
condition will last as long as the book will hold together; 
whereas the continued folding and unfolding of a single week's 
energetic work in the field would seriously injure the same. 
For pasting in the book some form of fish glue, as Page's 
liquid glue should be employed. 

As to the method in which the sections of the map shall be 
cut up considerable individuality may be allowed, the object 
being to have the pieces of such a size that when pasted in the 
leaflets of the note book a margin will be left on all sides to 
further protect the map and also to permit the labelling of 
the squares by tiers along the sides of each piece so as to 
leave the map itself as free as possible for the insertion of the 
number of the localities. For a map printed on the scale of a 
mile to 26 mm. and a note book 13 by 20 cm., my own habit 
is to cut the upper part of the map into six pieces, 5 minutes 
broad and 6 minutes long. There are formed in this way 
three pairs, the upper pieces of each being pasted at the head 
of the book and the lower one at its base on the opposite leaf. 
This will till six pages. The remainder of the map is cut into 
two pieces and pasted into the book at right angles to the 
remainder, filling two pages more. 

It would be equally convenient, perhaps, to cut the map into 
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■ nine equal pieces and paste them in according to some self- 
arranged plan. When the map is on the scale of one mile in 
32 mm. the map could be divided into pieces 3 minutes long 
and 2 minutes broad, egain leaving an irregular strip to be 
stowed away is some fashion. For persons to whom such 
irregular cuttings are inconvenient the original sections conld 
be made 12 minutes long and hroad, which would cut up 
into equal pieces for both scales of the map. Where exposures 
are not densely crowded and the problems under inyest^- 
tion are not exceedingly intricate, maps on the smaller scale 
have been found sufficiently large and more convenient since 
more of the map is brought on each leaf. Where intricate 
problems are being studied a map of the larger size is often of 
convenience, and any failures on the pan of this to serve the 
purposes of the field-work can be remedied by pasting in, 
where required, some map on a still larger scale which then 
may be referred to its appropriate square on the larger map, 
but is itself designated by some of the smaller letters of the 
Greek alphabet, and all the notes are referred for the time 
being to this smaller map instead of the one ordinarily in use ; 
and the fact that such a subsidiary map is being used can be 
then indicated on the general map of the same note book by 
inserting the Greek letter designating the same in the place 
covered by the subsidiary map. It may often be considered 
desirable to construct such subsidiary maps at once in the 
field, when they may be labelled in the same way as though 
posted in from some printed source. 

A section or small sketch map practically explaining only 
the condition of affairs at any one locality may be entered 
under the appropriate figure designating that locality without 
further reference. 

The advantage of this system becomes very great when taken 
in connection with the collecting of specimens in the field, 
since the mere designation of the locality by means of two 
letters and a single number 13 sufficient for any locality where 
only one kind of rock is found. Where several kinds of rock 
occur at the same locality a small printed letter of the English 
type is hastily inserted in brackets in that part of the note 
describing the place and the particular kind of rock collected. 
Each new letter added in the note signifies a new kind of rock 
or at least a specimen gathered at the same locality but at 
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some distance from rocks designated by another letter. It 
has been found convenient to designate any connected series 
of specimens from the same locality by the same letter, as for 
instance in case of a series of specimens showing the effects of 
contact metamorphism induced by some dyke upon the coun- 
try rock. The individual specimens collected are then desig- 
nated by the distance at which they are from the contflct line. 
Any further record desired had best be written out upon the 
label. But where many sections are examined and several 
aeries along the same dyke are collected I have found it con- 
venient to place on the label after the number designating the 
distance from the contact line the direction in nhich the sec- 
tion from which the series of specimens were collected, ran 
and placing a line above the number expressing distance, if 
they were collected before such contact line was reached pass- 
ing in that direction and a line below that number if collected 
after the contact line had been passed. Thus, B. f. ^ i, would 
indicate that the locality indicated by a certain note or label, 
was number 4 on a certain subsidiary map marked T'" in the 
note book and which was used to supplement that portion of 
the map covered by the letter "^ on the square B. f. on the 
original sheet. A. b. 36, d. 14" {N38W), would indicate that 
the locality thus indicated was at the place marked 36 on the 
square A. b, of the original map. For further designation it 
is necessary to refer to the note book where under the note 
marked A. h. 36, and in the text of the same a letter d. is found 
in brackets at the beginning of a description in the field of a 
contact perhaps between a granite intrusion and a sedimentary 
sandstone. The figure 14 ' ' after this letter on the label accom- 
panying the specimen collected shows that it was found four- 
teen inches from the contact, the direction of the section is indi- 
cated later to have been made in a N. 38 W. direction and the 
line under 14" indicates that the specimen was cjjUected 
£iSef>e said contact line was reached, namely on the &. e . side 
of the contact line. 

When fossils are collected in new places where the horizons 
have not been carefully established collectors should not fail 
to designate the exact hight in the series at which any speci- 
men may have been secured, if time for such accurate labeling 
can be found. Although the minglingof fossils from different 
horizons at some one localitv while distinct elsewhere, is not 
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hy any meaoB a new phenomenon, yet it is poaaible that some 
localities thus published owe their interpretation to indiBcrim- 
inate collecting, a fact further aggravated by the common 
practice that the persona who describe the fossils have scarcely 
time to collect them. For this purpose each locality is usually 
divided into various horizons by lithological characters if the 
same be present and letters are used designating the lines of 
separation, followed by a number indicating the number of 
feet above the same at which a certain specimen was found. 
English capitals are usually need to designate these lines. 
Thus, D, r, 7, G, 38 ', means that a specimen was found at a 
locality marked 7 on the square of the original map marked 
D, r, A reference to the notes will show that G indicates the 
horizon at the top of the third series of sandstones perhaps at 
some quarry or other, while the appended figure indicates that 
the fossil was collected thirty-eight feet above the same. A 
minus sign ( — ) before the number would indicate that it was 
collected thirty-eight feet before that horizon. 

In glaciated countries where the strata are litbologically 
quite distinct, and are tilted at anglea of 45 degrees or more, 
or where there have been eruptions of volcanic material, 
or where a fault has brought dissimilar rocks together 
the structure may have been considerably obscured by the 
drift. In such places the drift itself will very frequently fur- 
nish clews as to the character of at least the general distribu- 
tion of the larger masses of rocks of similar lithological 
features thus bidden. As a rule, admitting many exceptions, 
and which must be studied by practice, it may be stated that 
along an east and west contact line the rock on the south side 
will be apt to appear in the surface drift, or in the fence walls, 
if the surface drift has been disposed of in this way, in angu- 
lar fragments, within at least a few hundred feet from the 
contact line, while the angular bowlders derived from rocks 
found in situ on the northern side of this contact line, appear 
in very much diminished quantity, half a mile south of the 
contact line, and are reduced to about 30 per cent of the angu- 
lar drift three-quarters of a mile south of said contact line, the 
bowlders being often more or less rounded. One mile south 
of the contact line only occasional bowlders are found, often 
quite rounded or diminished in size. Noting the percentage 
of the bowlders of various kinds in the fields and fence walls 
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of a geologically varied conntrj becomes often, therefore, a 
means of determining their BupeTficial area in situ, and deter* 
mining their contact lines with others and especially when 
igneous rocks are present in districts otherwise unmanageable ; 
while the actually formed exposures serve as a check on this 
kind of work. N. and S. contact lines are not so readily 
determined in flat countries at least, the bowlders often devi- 
ating as much as thirty degrees from the course supposed to 
have been taken by the moving agency ; still at times even this 
variation is not too great to admit of at least some results. In 
indicating the localities at which such observations are made 
on the map a dot is placed immediately after the number or 
some other sign is used to distinguish the same from localities 
where actual exposures have been found. 

The most convenient note book for general use is one in 
which all the leaves are cross-ruled by parallel lines 5 mm. 
apart dividing the pages into numerous squares. They should 
be stitched together along the end, and not on the side, and the 
writing should pass horiiontally across the page, along its 
shortest diameter. The first three series of squares along the 
whole length of the book should be left free of all kinds of 
writing, being used solely for the indication of the locality, 
including the two letters designating the square and the num- 
ber designating the locality. In this way the pages may be 
readily scanned for some note desired, the letters indicating 
the locality, standing out clearly, Each page of the book 
should be numbered. At the end of the book the last three 
pages could be utilized by placing in an index of the notes. 
This is best done at the close of a season's work when the 
notes are being worked up, since the number of notes entered 
in different squares will be very unequal. The best aeries of 
indexing requires only two longitudinal series or columns of 
squares in the note book for each set of localities from the same 
square and consists in placing in the two squares at the head 
of two columns the letters indicating the particular square in- 
dexed in red ink. Then in black ink the localities of each 
square on the map are marked in the first column in the note 
book and the corresponding page on which the note itself is 
found is placed in the second Column. One page will serve 
for several columns of this kind and three pages are usually 
sufficient for indexing one hundred pages of notes. Since this 
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ia clerical work of the eimpleat order, some school boy or girl 
may be readily entrusted with this indeziog at a very reason- 
able expense. 

For use in the field a 6 H. Faber lead pencil has been found 
the best, both for marking tbe map and for writing the notes. 
It will not suffer from rain as would any ink. It will not rob 
nor need es frequent resh&rpening as would a softer lead pen- 
cil, and if good white linen paper note book be used, it ia 
readily legible. Linen paper has the additional advantage of 
being very strong, holding the maps pasted in the same firmly, 
and does not suffer as readily from the rain. The note book 
itself should be covered by undyed leather even if its general 
appearance be less prepossessing, since rains will come unex- 
pectedly and dyes will penetrate the leaves. 

The best compass la one in which the degrees are marked 
at the N. and 3. poles and then are numbered both toward the 
E, and \V., forming four quadrants numbered from to 90. 
All strikes should be referred to the N. pole, for instance, 
either N. 30 W. or N. 30 E., never S. 30 E. or S. 30 W. Thia 
obviates many slips made in counting up the number of degrees 
variation on a compass numbered up to 360 degrees, making 
a desperate effort to remember a few moments later whether 
at that particular moment you were standing with your face 
towards the N. or towards the S. The bar holding the needle 
when not in use should be controlled by a spring managed by 
pressure on the outside, and not by a screw, as in the larger 
Instruments in use, since the screw arrangement sometimes 
leaves the bar neatly poised in aome position holding the 
needle, from which very rough shaking, Bpoiling the delicate 
mounting of a good needle, will alone bring it down. 

Maps too large or too small may easily be redrawn by use of 
the pcntagraph, and be arranged for any desired size. Exten- 
sion dividers are of great use in filling in more or less by free 
hand drawing, details from some other map. Blue prints may 
be used to directly copy the larger maps. 

While to the uninitiated the system here described may 
seem a complex one on account of the length of space required 
to describe the same, five minutea practice with some note 
book prepared for the purpose will make the beginner as 
expert as the one who may have used this system for years. 
The letters of the alphabet here suggested for use can readily 
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be secured from dictionariee, encyclopedias, grammarB and 
el Be where. 



NOTES ON THE aEOLOGY OP SOUTHEASTERN IOWA. 

By C. H. OOBDON. 

The surface geology of Boutheastern Iowa has received much 
attention from geologists owing to the favorable conditions 
this region offers for the study of the Subcarboniferous forma- 
tions. The fact that certain localitieB within this region have 
furnished fossils in wonderful variety and abundance has given 
it special favor with paleeontologists. The underlying strata, 
however, have received little or no attention. Having recently 
undertaken some investigations concerning the eub-driftrock- 
surface, certain facts relative to the deeper strata have fallen 
under the writer's noticewhich may be of sufficient importance 
to furnish an apology for this paper. Though the data derived 
from the records of deep wells are not of such nature as to be 
completely satisfactory, yet on the whole, the science of geol- 
ogy is under deep obligations to well drillers for information 
obtainable in no other way. Operations of this character 
having been pushed considerably of late in this section, either 
for the purpose of securing' reliable supplies of water or to 
test for gas or oil, we have taken the opportunity to secure 
such records as were available. At Keokuk Mr. J. C. Hubin- 
ger has recently completed two wells, one 935 feet and the 
other 1,805 feet deep. The drillers are now at work on the 
third well and a fourth may be put down in the future. The 
wells are all located on the bluff overlooking the Mississippi, 
and the water is received in an artificial lake in the beautiful 
lawn adjacent to his palatial residence. From this lake the 
water is then carried in a chute down the face of the blufi 
about 180 feet where it is utilized in running two dynamos for 
fumiehing incandescent lighting to the city. This method of 
Becaring water-power is certainly ingenious. The quantity of 
water obtained from the two completed wells is about 1,300 
gallons per minute. The third will bring it up to 2,000 gal- 
Ions. The reoord here given ie presented with a considerable 
degree of confidence as the results so far have practical agree- 
ment in all the wells. The record of the well at Sigourney is 
given as published by the common council of thkt place. That 
from Ottumwa was furnished by Mr. J. A. Hamilton. Mr. H. 
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writes UB that this well was put down to test for gas and oU 
and that the failure to find either — a result to be expected by 
those familiar with the stratigraphy of this lesion — ^waa a great 
disappointment to the people of that place. 

KEOKUK, OTTUMWA. 8IG00RMKY. 

TKiek. DtpOi. Thiek. Dtptk. TMIek. Deplk. 

Sarface. Bluff. . Sett.. sett DrltE. ... ISft 231% Drllt.... 9SR 9Slt 
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Geologists wiil at once recognize some features in the above 
records not heretofore given in Iowa geology. At Keokuk and 
Sigourney, as also in Washington," the Devonian is underlaid 
by a bed of sandstone which we were at first inclined to con- 
sider the representative of the Medina of the eastern geologists, 
but on further study believe it to be the Oriskany as found in 
Illinois and adjacent states. It is probably confined to the 
south and east part of the state. It is separated from the 
sandstone of the Niagara at Keokuk by a limestone somewhat 
arenaceous which probably constitutes the upper portion of 
that formation. 

Another fact of importance brought out in the above records 
is the remarkable development of the Lower Magneslan series 
in this region. At Keokuk the drill passed 755 feet of thia 
formation without completing it and at Ottumwa the record 

' AnBRicAK GboI/OOIst, Jan. 188S. 
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gives 939 feet which still BeemB shortof the actual thickness 
of the«erie8. 

At Sigoumey the drillers give 609 feet of aandstone but it Ib 
altogether probable it ie the same as the others. At Keokuk 
the current of water *as so strong that samples were not 
easily obtained, bat at different times samples were secured, 
showing a brownish shaly limestone above Bometimes white 
and fine-grained alternating with esndstone which was hard 
and calcareous in portions. ThickneBs of each division could 
not be made out. The lower part seemed to be cavernous, the 
drill dropping two feet at one point. The flow of water waa 
increased at two places which doubtless represents the num- 
ber of sandBtones included. At Ottumwa the rock showed 
substantially the same characters. Mr. Hamilton says that 
the last 697 feet was "hard limestone full of holes, the sides of 
which are encrusted with a white substance evidently deposited 
by water. A piece of this rock about twice the size of a man's 
fist was brought up from a depth of about 1,700 feet having 
been caught in some way in the rope above the drill." It 
seems conclusive that the Lower Magnesian series has a much 
greater thickness in Iowa than has heretofore been supposed. 
Ab the Davenport well ' shows 622 feet of this series, which is 
corroborated by the records above with an increase in thick- 
ness, the conclusion seems justified that the maximum thick- 
ness of thia formation within the limits of Iowa can not be 
less than 1,000 feet. In the vicinity of St. Louis, Mo., it is 
nearly 2,000 feet in thickness.' 

There is some probability that the Hubinger No. 3 now well 
under way will be continued through the Lower Magnesian 
series in the hope of finding more water in the Potsdam. It is 
greatly to be hoped this will be done as it will definitely settle 
the question of the thicknes of this series in Iowa. 



A POCKBT MAPPINQ INSTRUMENT. 

Br Alfrid C. Lxhi. 

What with compass, notebook and pencil, one hammer or 
possibly two, map, lunch and collecting bag and perhaps 
barometer, the field geologist is apt to realize too forcibly the 
meaning of the Latin term "impedimenta." The little instru- 
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ment I have to describe, which in default of a better word we 
might call a "goograph," has proved a handy consolidation of 
some of these iDsirnments. 
It consists of a frame (see figure ■) like a picture frame with 
a removable back 
held in place by the 
spring shown in 
dotted line, as in a 
photographic print- 
ing frame. This 
frame is of any suit- 
able size. The one 
I have been using is 
5^x7 inches, outside 
measurement, and 
will cover a couple 
of land sections with 
a broad margin, ata 
scale of 2 inches to 
one mile. A larger one would be in many ways more con- 
venient but this just slips into my pocket. At the lower left 
hand corner is an oblong compass box (A) with width enough 
to allow for a magnetic variation of several degrees and a stop 

(B) to lift the needle up when not in use. 

The right hand side has a serai-circular groove, and from 
the back of the frame curve forward two strips of elastic brass. 

(C) and (D), D forming atrifle over a quadrant.C very nearly 
a semi-circle. The }iencil is thrust through G and then 
pressed into D. A small rubber hand is twisted three or four 
times around the pencil, which increases of course the pres- 
sure needful to press it into place, and prevents its falling out 
or rattling. I have never lost a pencil from the holder. 

Above the compass on the left hand side is a sun-dial for 
determining true north, when the time o'day is known or vice 
versa, — for regions of local attraction indispensable. From a 
small hole in the frame at G an elastic cord runs through a 
hole or notch near the top of a movable arm E which is 
hinged at F, and thence over the top of the frame in a slight 
groove to the back where it is fastened. When the arm £ is 

The figure is drawn in crfstallographic projection with the thick- 
nesB and Dreadth of Irame increoied out of proportion to show the 
construction better. 
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erect, the < E G F should equal the latitude. Adjustment for 
different latitudes could he made both by a aeries of notches 
in the arm E and by having the base F adjustable so aa to 
slide to' and from G. 

When Dot in use the arm E folds down, the cord contracts 
out of the way and nothing dangles as in the dial compass. 
But if F or E be changed the graduation of the dial must also 
be changed. If H is the number of hours before or after noon, 
P the point where at that time the shadow of the cord crosses 
the edge of the frame, m the projection of P on F G, we find 
mG — Pm is fixed, — by the formula ^ — jTiiC 

If it might he necessary to change the adjustment on ajour- 
ney when tables are not at hand these two thumb-nail tables 
might be written on the back of the frame : 
P;M. A.M. cot.H. To find latitude;— if latitade—X°=c°+S'' 
J where fe is small, we have sin X=Bin (o^+S") 
\ —8inc+^C0BCr'^^;ifwelet c=36O50',Binc=.6 
8 ; and for the United States S will be 
1 small and this formula nearly true. 

J Only the first two terms need be used. 

The frame is further marked with heavy lines in front to 
indicate the courses which are most used by woodsmen and 
are easily platted with coordinate paper, as given in the table 
below. 

The figures show graduation only on one side of the frame, 
but it is best to have it run all around. 

On the back of the "geograph" is a simple clinometer, — a 
weighted string fastened on the pencil side. There is a pro- 
tractor scale on the back about the point of fixture, and the 
pointed weight is shoved into a slot when not in use. A 
couple of small spirit levels set at right angles into the frame 
would improve it. 

The geograph may be used in two ways. First with coor- 
dinate paper iu the usual fashion of woodsmen. The side of 
the geograph being brought to point north, the rulings of the 
sheet of coordinate paper cut to fit the frame run the same 
way. The course which we wish to go being picked out from 
those marked on the frame, a sight is taken over and along it 
and pursued. Having gone that way as far as we want, prefer- 
ably some number of paces which stands in a simple ratio to 
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that number in the first column (of the table below) which is 
in the eame horizontal row with the chosen course, we can 
easily plat it from aome chosen point, and thus continue. 
Several sheets of coUrdinate paper are always kept in the frame 
in case oar course should lead us off the first one. At each 
stop we can fill in the topography accurately as the sheet and 
the country lie before us in the Game position. 

TABLE OF COURSKS. 




This table should be memorized or written on the back of 
the geograph. 

Or secondly it may be used as a plane table, a strip of stiff 
colored card with a graduated edge or even a pencil, serving 
for an alidade. Point the card in the direction to be deter- 
mined (keeping the side of the geograph pointing N.) and 
draw a line along it. 

There are some other incidental points. If you have yout 
maps cut up and mounted on linen to fit, they may be slipped 
in. It will save wear and dirt and enable you to orient your 
map in a momont. Moreover you can keep your course on 
the map, or on a sheet of tracing linen over it in the frame. 
Whenever it is needful to make or finish a run in wet weather 
tracing linen or oiled paper can be slipped over the map or 
coHrdinate i)aper and the notes continued. It is not a bad 
idea to make blue prints of maps for field work and for this 
the frame is useful. 

Thinking that this geograph might be of use professionally 
to others than geologists, — woodsmen, explorers, proBpectorB, 
army engineers, etc., I have taken steps to have it patented. 
But if any geologist will order one from me specifying how he 
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wanta it made, at about what cost, graduated or not, with or 
without spirit levels and dial, and of what size inside or out, I 
will send him one at its coat to me, following his directions as 
far as they go, as I am about to have some made. The main 
expense is in the compass. Mine cost about 18.00 of which 
96.00 was for the compass. The graduation I did myself. By 
the quantity they will be cheaper, yet the price will have a 
wide margin of variation. If one does not want to put out 
much money, for many districts the dial might be omitted, and 
the graduation done at home, and an inexpensive compass 
used, though good enough work can be done to warrant a 
good compass. 

State survey, Houghton, Michigan, August, 1889. 



REVIEW OF RECENT GEOLOGICAL LITERATURE. 

The Neozoic Otology of loulhweilern Arkaneat, [with map. J By 
Robert T. Hill, BBBiHtant geologiat, V. S. geological eurvey. Vol. 
II of the annual report of the geological eurvey of Arkansas for 1888, 
in four volumes; By John C. Bajt^NEii, Ph. D. State geologist, Little 
Kock, 1888. 8vo. pp 290, with appendices. 

This is a careful detailed report of one of the moat important areae 
of the United States, where the unique Quaternary, Tertiary and 
Cretaceous phenomena of the South meet those of the West, and 
where all the Meeozoic and Cenozoic phenomena o( the Southwest bor- 
der upon the older Paleozoic continental outline. 

The geographic position of the region ia clearly defined and the 
whole southern region divided structurally into (1); an interior or 
older (Paleo:coic) division where the structure ia more consolidated, 
the atreama more permanent, the altitude higher and hygenic condi- 
tions more propitloua ; and (2) into the newer (Neozoic) addition, in 
which the structure is unconsolidated, the country low, the drainage 
valleys wide and overflowing, and hygenic conditions proportionately 
malarial. The first of these ia the southern industrial and small crop 
region, the latter the planting region, and their relation to tlie sub- 
structure ia brought out throughout the work. 

The northern limit of the newer or Neozoic continental addition in 
the region described is a remarkable system of mountains, (not to be 
confused with the Ozark system), which extends west from Hot 
Springs, with a few interruptiona to the Pan Handle of Teiaa, and 
which has been the ancient shore line of all the Mesoeoic and Cenozoio 
subsidences, more than five of which are clearly recognizable as shown 
in p 184. It ia remarkable that this important orographic system has 
not hitherto been described. 

The topographic features of the region south of these mountains ia 
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that otanoldbue level, about SOOfeet high, formiag the flat-topped 
divides of the drainage syatem, and skirting the monntaina for over 
100 milee weat, into Indian Territory, and thence eonth into Texas. 
It consiata of the gravel debria of the Ouachita monntaina, is of early 
quateraarj age, and has planed off and covered the Eocene and Cre- 
taceous strata, and, in tnrn has been grooved and partially destroyed 
by recent and late quaternary denudation, ae recorded in the terracea, 
and deep cut drainage, some 250 feet below the Plateau -Gravel base 
level. The river ayatems of Arkansas and Texas are described, and 
classified into four sub-groups according to their origin and similarity. 
The Arkansas and Rio Grande rising in the Kocky mountains and cir- 
cumscribing the region are of the first order, the Red, Brazos and 
Colorado of the second, and the Ouachita, Little Missouri, Trinity, 
Nucee, etc. of the third ; while numerous minor streams of post quater- 
nary origin are of the fourth. 

Under the head of "Fundamental Stratigraphy" are defined, diecne- 
eed, and named in appropriate local terms six distinct formations 
above the Paleozoic, which is tho fonndation of the whole group. 
These include over 3500 feet of strata seen, which is a modest esti- 
mate of the whole thickness, and are of lowest Cretaceous, upper Cre- 
taceous, basal Tertiary, early and later, and recent Quaternary ages re- 
spectively. Each of these is described and sub-divided into approxi- 
mate horizons and the exact sequence of every layer shown both 
structurally and chemically (see pp. 220-2S1), and its relation to the 
Mississippi region in the one hand and the Texas in the other set 
forth ; while upon an appropriate map and secUons their exact distri- 
bution is shown. 

Each of these formations is of great interest, and Mr. Hill has suc- 
ceeded in bringing them out clearly. The lowest or Trinity division 
of the basal Cretaceous, is especially interesting, in that it shows the 
exact relation of the base of the Cretaceous to the Paleozoic, and adds 
to our geologic section a most important horizon. These beds follow 
the Paleozoic parting west into the Indian Territory and eventually 
crossing into Texas to the south, following the topographic feature 
known as the upper cross-timbers of the latter state. They consist of 
sands and clays, with occasional adventitions layers of shell-breccia, 
(limestone), and contain a mulluacan fauna paleoutologically almost 
identical with the European Wealdan, associated with huge saurian 
bones and fossil plants which have not been studied, Piof. Hill 
writes ttiat his assistant Mr. Taff, of the Texas survey, has measured 
over lOOO feet in thickness of this formation in hie region. 

The exposures of tlie limestone bedj c)f the Comanche Series so great- 
ly developed in the Texas region, stop short at the Arkansas-Choctaw 
line, and are exposed only in Arkansas in the depths of Little river, 
a mile or two from tlie border. 

It is to the development of the upper Cretaceous, and the thorough 
discussion of that formation in Arkansas and Texas and its relation to 
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other areas, that the author devotes a greater portion of the vork ; and 
it is the first attempt at a thorough description of these beds. They 
tell a remarkable history ia their faunal aad chemical sequence. They 
are subdivided into appropriate divisions and horizons, and the author 
shows that the appermoat arenaceous [or glauconitic division as they 
could better be called] is the southward continuation of the Mew Jersey 
Cretaceous below the middle marl bed horizon, and of all the Mississ- 
ippi section except the Eutaw of Hilgard, (Tuacaloosa of Smith and 
Jobnson). Beiow these glauconitic beds in Arkansas and Texas are 
nearly two thousand feet of upper Cretaceout marls, chalks, clays and 
sands, which have hitherto been erroneously correlated with the Hil- 
gard section. The (op of these upper Cretaceous beds baa been eroded 
during the land epoch between the Cretaceous and Tertiary times, and 
of the Tertiary overlap. The most remarkable feature of these upper 
Cretaceous beds is the beautiful white cliffs of Little river. "These 
cliffs which have long been a landmark of the region are about 150 feet 
high, perpendicular and as white and almost as pure as the celebrated 
chalk cliffs of Dover." Their remotenoss from lines of travel is prob- 
ably the only explanation of their having so long been overlooked by 
American geologists. It is the remnant of a great area, which has 
clearly been eroded away during Tertiary and Quaternary times. 

A chapter is devoted to tlie "Occurrence of chalk in the North Amer- 
ican Cretaceous" in which the predominant chalky origin of the typi- 
cal section of the American Cretaceous as seen in this northwestern 
region is shown, and it is asserted that "we have in a general manner 
' 'not only the equivalent of the upper, but also of the lower Cretaceous 
"beds of Europe, while chemical strati graphical and microscopical 
"investigations prove conclusively that the culminating lithologic 
"character of each of the two grand divisions of the region are Creta- 
"ceouB (chalky) in fact as well as in name. In other words the great 
"mass of the Cretaceous rocks in the American as in Europe are, or 
"were, mostly composed of more or less chalky foraminiferous, infra- 
"littoral sediments, and that the uppermost, or arenaceous beds of 
"New Jersey, Alabama, and the Northwest are only the northward ex- 
"tension of the upiier and shallower beds, and not representative of 
"the whole. 

Following upon these facte, and "without endeavoring to establish ex- 
"act synchronism of minute horizons, the writer has shown much 
"closer relations between these American formations and those on the 
"opposite side of the Atlantic than the accepted canons of American 
"geology allow. This has not been done to satisfy any preconceived 
"hypothesis, but solely because the geologic facts of this southwest re- 
"gion admit of no other conclaaion. 

The volume is full of new paleontological data npon the geographic 
distribution and association of species, while seven plates of new fos- 
ails are given illustrating the molluscan fauna of the Trinity division. An 
innovation is made whereby over 40 figures ore made of a single oyster. 
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ehowing; every possible variation, which will save future contuBion. An 
interesting table on page 166 ehowB the stratigraphic distribution of all 
the Cretaceona Otlreidse ot the region, and at a glance, throws entirely 
new light upon these important forms. In chapter XV, two t;i»cal 
species, Oryphxa pitcheri Morton, of the lower Gretaceoiis, and Exo- 
gyra cottata Say of the upper Cretaceous are discussed, and the re- 
markable controversy concerning the former, which for years bfts oc- 
cupied American geologic literature is reviewed and the confusion ear- 
rounding this important species, dispersed. 

It is impossible to review at length the data here pr«8euted for the 
first time of the detaU of the basal Tertiary and the Quaternary forma- 
tions. They describe these features as they are, and throw new light 
upon them. They are as valuable as the Cretaceous discussion, 
and give the first local description and section ever published from 
that region. 

Part II of the report, in the writer's opinion is as important as the 
first, and consists in a. discussion of the economic features. It contains 
ascientific treatise upon the origin and class! fi cation of soils and descnbea 
in the language of the people every geologic soil of the region, trans- 
ported or residual, and points out cleariy their defects or ezcessea, and 
how they can be remedied, by natural means, i. o. the use of the val- 
uable and untouched beds of gypsum, chalk and greeneande, in which 
the volume shows that the region abounds. Inasmuch as nine-tenths 
of the soil of Arkansas is deficient in these very elements, these facts 
are of incalculable value to the i^rieultural interests of the state. An- 
other remarkable economic fact is the perfect analogy of conditions for 
making Portland cement, existing between this region and the original 
seats of thatindustry in England, which is further brought out in an 
appendix by Dr. Branner. 

The chemical analyses, by PrR. N. Brackett, are of importance to the 
geologist, for they give both the composition ot tlie original structure 
and the Boil derived from it, thereby permitting the general character 
of geologic areas to be determined, and obviating largely the necessity 
of analyzing every individual farmer's field. Besides these analyses 
are arranged in a systematjc geologic sequence so that great light is 
thrown upon the geologic origin of the strata. 

The print of the work is excellent considering the conditions under 
which it is done, but the book has many typographic errors, probably 
due to lack of oversight by its author. Altogether the work is a cred- 
itable addition to the geologic literature of the country, and is espec- 
ially valuable as a key to an almost unknown region and to a much dis- 
cussed section of American geology. 

Solar Heal, Gravitation and Sun-spott. J. H. Kbdzik.« 
Having stated his conception of the nature and origin of the heat of 
the sun, the author Slls the rest of the volume with arguments and 
illustrations to prove its applicability and validity. His first is a 
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general and eweeping ad captandum preaentatioii of the case. Thus: 
"If all the heat from an iofinite Dumber of atellar buds has been pour' 
ing into this nniveraal ether for indeflaite, if Dot for iofinite ageit, if it 
has all been conserved and is still in existence, if there is soother 
universal ether into which this heat can make its escape, if neither 
this universal ether nor ita included spheres are becoming hotter by 
the reception of this heat, then it seems to me that I am justified in 
easing that this beat mast change into other forms and disguises. 
The forces of nature masquerade grandly ; sometimes in the ineffable 
light and heat of the sun, sometimes in the darkness and silence of 
night, but none the less real in the latter case than in the former. ' ' 

On the acceptance of the idea that the sun's radiations are con- 
verted into other forms of energy on passing outward to the surround- 
ing spaces, several necessary conditions result, which require plausi- 
ble further illustration and explanation, lat. The method and cause 
of such change, and likewise the method and cause of the reverse 
change to "despeciiilized heat" again on their return to the sun. Snd. 
The actual and recognizeij changes which the planetary system has 
undergone, under the principles of the nebular hypothesis of LaPlace, 
(which is accepted by the author] which have brought some portion of 
the energy oE the ethereal emanations into specialized conditions and 
stored it up in other forms in the planets. 

In regard to the first change in the nature of the sun's emanations, 
Mr. Kedzie satisfies himself, and reasonably supposes the reader to 
be satisfied, with showing the possibilities and need of the change 
assumed, without any demonstration of the actual cause and method. 
The cause and method are the secrets of nature which she but Bcanlily 
reveals. They are the same, however, as the causes and methods of 
conversion of one force into another which are feebly employed and 
exemplified in the physical or chemical laboratory ; though instead of 
being cramped and (orcetl by conventional appliances and confined in 
narrow and unnatural limits, with exceptional environment, these 
changes, where they take place nnder nature's hand, operate so 
spontaneously, and smoothly, that their effects are invisible, and are 
taken up by the harmonious, ineffable sympathies that pervade the 
forces of the universe in their sway over matter, ami are diffused 
through space by media that the human senses do not apprehend. 
In this manner the author would suppose tlie wave which started 
from the distant Sirius as a wave of heat and light becomes converted 
to light only, to our senses, before it reaches the earth, while that 
from our sun, not having so far to travel, reaches us in the form of 
light and heat, gravitation and actinism, and before it reaches Sirius 
is of the same character as the ray of Kirius to us. Some portion of the 
snn's energy, when sent into space as waves of ether, is converted 
also into gravitation, the impact of the waves from all portions of 
celestial concave on any planet, resulting in that motion which we 
attribute to gravitation. Other change is seen in the promotion of 
chemical combinations, electricity, magnetism, and even vital energy. 
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in the various inhabited epherea. This the author claims undsr the 
lawof the "conservation of force;" and that the anni total of ^1 the 
sun's radiations, and the radiation of all suns, again are reat(»«d to 
them he assumes under the simple law of the bof's axiom, "whatever 
goes up must come down." .The sum total of the enei^y of the ani- 
verse neither gains nor losea. The ether can not retain it ; it simply 
transmits it. But it caa oulv transmit it to a receiver, and the hesT' 
enly bodies are the only receivers. 

Despecialized heat, however, which startB from the sun, returns as 
specialized energy. The author aoppoeea the sun's surface to he the 
place where it is again despecialized. It returns as mechanical 
energy (or gravitation), as electricity, and perhaps as other forces, 
and "precipitaljng themselves upon the myriad points of the photo- 
sphere they turn to light and heat almost exactly as electricity does in 
the electric lamp ; that is by the excitation of and resistence to elec- 
tric currents, I should lay more stress on this mode of transformation 
of enen?y were it not that every dabbler in science invokes the aid of 
electricity to solve every mystery. Still the abuse of one of the great 
energies of nature should not deter ua from assigning it to its proper 
place in the grand ecouomy of the universe." The author then 
enforces this thought by instituting a. comparison between the electric 
spark of two approximate carbon points and the incandescent carbon 
clouds of the photosphere, wliere the particles are divided to the last 
degree of minuteness and offer every inducement lo the action of 
electricity. 

As to the second necessary condition mentioned above, the author 
accejits the nebular hyi>othesis, but while allowing for the cooling of 
the sun, the planets and all the satelites, he insists that no heat is 
lost. It is simply reduced to specialized conditions. One of the first 
specialized forces, subsequent to the nebulous condition wherein ail 
energy is expressed in one word — heat — was mechanical motion in the 
form of immense vortices, resulting in some condensation of the vol- 
ume and some cooling of the substance of the nebulous mass. This 
vortical motion continued has resulted in the partition of the mass 
into sons, and into systems. Then came cohesion, which further 
reduced the common stock of heat. Then gravitation became appar- 
ent, and chemical action, electricity, mag^netism, and lastly vUviva, 
each in its proper order, accompanied by cooling and contraction until 
the present equilibrium was attained. This specialization of enei^y 
from the all-embracing form of force, heat, the author claims, is not 
a loss of heat, only a change of its form of existence as energy, but 
this is a play on the word. As heat it does not longer exist, but as 
enehgy it continues to act. The author technically seems to tall into 
the inconsistency of allowing cooling to go on, but denies the loae of 
heat by the cooling body. We understand, however, that he combkta 
the idea that the heat radiated by the cooling nebulous mass is lost to 
the emergent planetary system, and maintains that it is preserved in 
other forms of energy. 
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A chapter m devoted to "potential energy," or that stored-up force 
which some physicists have dressed up in mathematical formnlw, 
ready to act when the proper circnmatances arise. If there be Buch 
energy in the univeme it will profouadly affect the calculations of the 
author, which are based on the sole and comprehensive source repre- 
sented by primal beat. He shows that all instances of what is styled 
potential energy are resolvable into kinetitr force, and that really 
potential energy is a myth, and can play no part in a rational theory 
of solar heat. 

Under the definition of ener)^ as matter in inolion, and in compliance 
with the law of conservation ot force, "energy is generated nowhere, 
it is lost nowhere, it is confined to no place, it travels endlessly from 
world to world and from sun to sun, it never tires, it never rests, it 
never begins, it never ends, it never increases, it never grows less. It 
is at once the symbol of omnipotence and of eternity. The universe 
can never, never, never run down." The dissipation of energy is 
therefore true only in the sense that energy may be diffused, and may 
take on other forms. 



RECENT PUBLICATIONS. 



1. State and Government report*. 

Oeologienl »ur<)ey of Arkantat, Annual report for ISS8^ vol. ii. The 
Neozoic geology of southwestern Arkansas, by Robt. T. Hill, with 
appendices, The northern limits of the Mesozoic rocka in Arkansas, 
by 0. P. Hay, and On the manufacture of Portland cement, by John C. 
Branner. 

2. Proceedings of Scientific locieties. 

Bulif tin of the Proceedings of the Colorado Scientific Society, vol. iii. 
Part 1, 1888, contains the following geological papers: Preliminary 
noteaon the Eruptione of the Spanish peaks region (with mapj by B.C. 
Hills; Colorado Volcanic Craters, by P. H. VanDiest; Notes on some 
unasual Occurrences of Galena Crystals, by F. F. Chisolm ; Mineral- 
ogical Notes, by W. F. Hillebrand ; The Quaternary of the Denver 
Basin, by Geo. L. Cannon Jr. ; The Genesis of Ore Deposits, by Rich- 
ard Pearce. Two Sulpbantimonites from Colorado, by L. G. Eakins; 
Notes on the Ore occurrence of the Red Mountain district, by T. E. 
Schwarz ; On some Stratigraphical and Structural Features of the 
country about Denver, Colorado, by Geo. H. Eldridge; The Denver 
Tertiary Formation, by Whitman Cross ; On the Tertiary Dinosauria 
found in Denver Beds, Geo. L, Cannon Jr. ; The recently discovered 
Tertiary Beds of the Huerfano River basin, Colorado, <with map) by 
R. O. Hills ; The field for original Work in the Rocky mountains, by 
Pres. R. C. Hills. 

4. Ejccerpli and individttalptiblieationi. 

Bulletins of the Washburn college Laboratory of Natural History, 
Topeka, Kansas, 1884-1SS9 contain the following geological papers : 
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Notes on Localities ol some iDteresting Minerals. By /. C. Cooper. 
Jan. 1886. 

Notes on the region ol Crooked creek, Eaosas. By F. W. Cragin. 
Jan. ISSe. 

Notes on the Geology of soatbern Kansas. By F. }V. Cragin. Apr. 

Further Notes on the Dakota Gypsum of Kansas. By F. W. Cragin. 
May, 1886. 

Notes on some Rare Minerals of the southwest. By/. C. Cooper. 
July, 1886. 

PretiminaryNotesonaStudyof Atrypareticularia. By W.S.Lighton. 
Oct. 1887. 

A new species of Unio from Indian territory. By F. W. Crtigin. 
Oct. 1887. 

Geological Notes on the RoKion south of the Great Bend ol the 
ArkaDsaB. By F. W. Cragin. Feb. 1889. 

Check list of the invertebrate fossils from tlie Cretaceous formations 
of Texas ; accompanied by notes on their geographic and geologic dis- 
tribution. By Robt. T. mu. Univ. of Texaa— School of Geology. 
Austin. 8vo. 16 pp. 

Faleeontology of the Cretaceous formations of Teias. Part I. Pub- 
lished in installraenta. By Robt. T. Hill. Austin. Univ. of Texas 
— School of Geology, Roy. Oct. pp. 6, 3 plates. 

The North American Mesozoic: Address of Prof. Charlti A. WhiU, 
vice president, Sec.E, A.A.A.8. Toronto. August, 1889. 

Remarks upon sedimentation in the Cincinnati groap. Joi. F. 
JamtK. Cin.Soc. Nat. Hiit. April, 1889. 

Contribntions to the Mineralogy of Maryland. Geo. H. WiUiamt. 
From John) HopHne i'niveriity Cireular No. 75. 

On the discovery and significance of stipules in certain dicotyledo- 
nous leaves of the Dakota rocks. F. H. Uno-w. Trant. Kan»ai Aead. 
Science. 1888. 

Salt ; its discovery and manufacture in Kansas, with suggestions for 
its use in agriculture. By Robert Hay. Sixth biennial Report. Kan. 
StaU Board o/ Agr. 

5. Foreign publicationi. 

Structures ct classifications des Roches Eruptives, par A. Michel 
Wvy pp, 82. Paris, 1889. 

The present state of the Archiean controversy in Britain. By 
Charles Callaway. Ex. from the Oeol. Mag. Dec. in. vol vi. No. 301, 
1889. 

Limestone District, part of the Palmer Gold field (with map). By 
Robert L. Jack, Government Geologist, Queenstaod. 

Sur un gisement francais de melaphyrea A enstatite, par M. A. 
Michel L4vy. Mars, 1889, Paris. 

Lea G^ologues ct U Geologie du Jura, josqu'en 1870, par Jules 
Marcou. Ext. item, tie la Socieli 'd Emulation du Jura, pp. 84. Loas- 
Le-Sannier, 1889. 
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PERSONAL AND SCIENTIFIC NEWS. 

The American Aaaociation for the Advancement of Science 
held its third Canadian meeting at Toronto comaiencing 
August 27th. The two preTious meetinga were thoBe at Mon- 
treal in 1857 and in 1882. The University buildlngB afforded 
ample space and agreeable surroundings for the meetings. 
There was a free luncheon daily, as well as drives and garden 
parties and excursions to Niagara, Muskoka and Sudbury. 
The attendants of members was not large, but included an 
unusual number of the older and more eminent members, no 
less than eight of the past presidents being present — Dana, 
Hall, Newberry, Barker, Dawson. Young, Newton and Morse. 
Canadian members were well represented, there being twenCy- 
niae from various parts of Canada, not reckoning forty-five 
from Toronto. From a scientific point of view the meeting was 
successful, but not remarkable for anything very new or strik- 
ing, though there were many important and useful papers, es- 
pecially in anthropology, geology and biology. The two evening 
lectures of the meeting were on "Niagara," by G. K. Gilbert of 
Washington and "Four weeks in the desert of Mount Sinai," 
by Dr. H. Carrington fioiton of New York. Both were inter- 
esting, well illustrated and listened to by large audiences. In 
other respects it was probably one of the most agreeable 
meetings of the thirty-eight which the American association 
can now reckon. The following is a summary of the statis- 
tics as given by the permanent secretary. Prof. Putnam, who 
received the well merited thanks of the association, and was 
re-appointed for five years : — "There were 424 members and 
associates registered ; of these 45 were from Toronto, 29 from 
otherpartsof Canada, and the balance from the United States. 
There were 201 new members and seventy-two fellows elected. 
Th#r»were 199 papers read and 227 submitted. There was 
placed in the public library at Toronto a full set of the 
publications of the association, and the library has been placed 
upon the list for all future volumes. The invested funds of 
the association now amount to $4,700. The income of this 
sum was devoted to scientific research, and a lady member had 
sent a check for $500 to swell that amount." 

Prof. T. C. Mendenhall of Washington was president at the 
Toronto meeting, and Prof. Geo. L. Goodale, successor to Dr. 
Asa Gray at Harvard, was elected president for the next 
meeting, which is to be held in Indianapolis. 

Section E was presided over by Dr. C. A. White of Wash- 
ington, who delivered an opening address on "The North 
American Meaozoic." The secretary of the section was Prof. 
J, C. Branner of Little Rock. The following papers were read 
before section E : 

Topographic types of northeastern Iowa.— 25 min.— By W. J. 
McGee. 
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The lake ridges of Ohio and their probable relations to the lines of* 
glacial drainage into the valley of the Susquehanna. — 30 min. — By G. 
F. Wright. 

(a.) The moraines of the Wabash— Erie region. (6.) Tlie Ironde- 
quoit glacier.— 15 min.— By C. R. Dryer. 

Glacial phenomena of northern Indiana and northeastern Illinois. — 
20 min.- By Frank Leverett. 

The attractive scenery of ourown land. — 20 min — B^ A.S. Bickmore. 

The mastodon of Kent and what we know abont it. — 20 min. — "By 
Ed. Jonen, KHq. 

On certain remarkable new toasil planta from the Erian andCarbon- 
iCerouB, and on the characters and affinities of the palEBozoic gymno- 
sperms. — 20 min.— By Sir Wm. Dawson, 

Mammoth cave.— 20 min,— By H. C. Hovey. 

The Devonian system of North and South Devonshire. — 25 min. — 
By H. S. Williams. 

The reality of a level of no strain in the crust oE the earth. — 30 min. 
—By E. W. Claypole. 

The geolotcical position of the Ogishke conglomerate. — 30 min. — By 
Alexander Wincnell. 

The origin of gneiss and other primitive rocks. — 15 min. — By Robt. 
' Bell. 

Observations on the trap ridges of the East Haven (Conn.) region. 
—30 min.— by E. O. Hovey. 

On a possible chemicn] origin of the iron ores of the Keewaiin in 
Minnesota.- 20 min.— By X H. Winchell and H. V. Winchell. 

Notice of some Zircon rocks in the Archfcan highlands of New Jer- 
sey. —8 min.— By F. L. Nason and W. F. Ferrier. 

Trap dikes in the region about lake Champlain and the Adirondacks. 
—10 min.— By J. F. Kemp. 

Field siudifts of hornblende schist, — 10 min. — ByC.H, Hitchcock. 

Kemarka on the Cretaceous of northern Mexico. — 10 min. — By C. A. 
White. 

A classification of the topographic and geologic features of Tesas, 
with remarks upon the areal distribution oTthe geologic formations. — 
20min.— Bv R. T. Hill. 

The Eagle Flats — formation and tlie basins of the trans-Pecos or 
mountainous region of Texas. — 5 min, — By E. T. Hill. 

The ancient volcanoeu of central Texas. — 5 min, — R, T. Hill and £. 
T. Dumble. 

Tlie geoloi^y of the Staked Plains of Teica!*, with a description of the 
Staked Plains formation — 5 min,— By R, T, Hill. 

The geology of the valley of the Upper Canadian from Tascoaa, Texas, 
to the Tucumcari mountains, New Mexico, with notes on the age of 
the same.— 10 min,— By R, T. Hill. 

Note on the mapping of the Archosan, northwest of lake Superior. — 
10 min.— By A. C. Lawsoh. 

On the structural and chemical differentiation of certain dykes of 
the Rainy lake region.— 20 min.— By A. C, Lawson. 

Natural gas in Fredonia, N. Y.— 15 min.— By H, T. Fnller, 

The petroleum belt of Terre Haute— HI min.— By C. A. Waldo. 

Preservation of glaciated rocks in Worcester, Mass.- 5 min. — By H. 
T. Fuller, 

Two new faunae from the lower Cretaceous formation of Texas, (a) 
Oaprina limestone fauna, (b.) The Shoal Creek limestone faurut.-^ 
min.— By R. T. Hill. 

On the origin of the diagonal trends in the earth's crnst. — 15 min. — 
ByD. 8. Martin. 

Caste of Scolithus flattened by pressure. — 5 min. — By A. Wanner. 
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OrigiD of boalder pavemeiits and friages. — 10 min. — By J. W. 
Spencer. 

Bection of the Maqnoketa ehalea in Iowa. — 10 min. — B7 J. F. Jamea. 

The history of the formation of the Great Lakes.— 20 min.— By J. S. 
Newberry. 

The Qeoloqical Society or America held its first meeting 
for scientific purposes at Toronto, August 28th, in coojunction 
with the American Association for the AdT&ncement of 
Science. Section E adjourned one day for the purpose of 
attending this meeting. After an opening address by president 
James Hall, the following papers were read : 

Areas of continental progreae is North America, and the influence 
of those areas on the work carried on in them.— 30 min.— James D. 
Dana. 

species . _ ... 

with external and internal characters and microscopic shell structure. 
— James Hall. 

On new genera and species of the family Dictyoepoi^idse. — James 
Hall. 

The strenicth of the earth's crust.— 30 min.— Q. K. Gilbert. 

On the origin of normal faults and the structure of the basin region. 
— 20 minutes. — Joseph LeConte. 

Boulder belts distinguished from boulder trains ; their origin and 
significance. — 20 min. — T. C. Chamberlin. 

Study of a line of displacement in the Grand Canon of the Colorado, 
Ariiona.- 20 min.— C, D. Walcott. 

Trap dikes near Kennebunkport, Me.— 20 min.— J. F. Kemp. 

The Sylvania sand in Cuyahoga Co., Ohio.— 20 min.— P. Neff. 

The third annual session of the Iowa Aoadehy of 
Sciences was held at Des Moines, Sept. 5, and was well at- 
tended. The society received severainew members and gives 
promise of being a successful state organization. It is pro- 

?08ed in the future to have two classes of members, vii. 
'"ellowa who are actually engaged in original work, and Mem- 
hera who are not. Prof. F. M. Witter was chosen president for 
the coming year, and Prof. R. E. Call remains Secretary -Treas- 
urer. Prof. J. E. Todd gave the retiring presidential address, 
on 7(ie Mission of Science. The following geological papers 
were read : 

On the fossils of the Keokuk beds in the vicinity of Keokuk, Iowa, 
C, H. Gordon, 

On the geology of eastern Arkansas, E. Ellsworth Call. 

On the crystalline rocks of Missouri, Erasmus Haworth. 

Observations on some Keokuk species of Agaricocrinus, 0. H. 
Gordon. 

Prof. Arthur Winblow, of the qeological survey of Ar- 
kansas, Little Rock, has been appointed state geologist of 
Missouri. 

Prof. John C. Smock, Albany, has recently made a special 
visit to the Alaskan glaciers, and observations on the drift 
phenomena on some parts of the Pacific coast in Washington, 
as well as on the gorge of the Mississippi between Minneapolis 
and Fort Snelling. These will be used in some comparative 
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studies contemplated on tde drift of New York Btate, ia con- 
nectioa with his ofiicial duties in the New York state museum. 

Pbof. R. D. SALiBBURy, OP Beloit, WiacoNsiK, recently made 
a careful examination of the plan and equipment of the new 
Science Hall and Museum of the Minnesota State University, 
Minneapolis. 

Col. FiBLDiNo Burnes, brother of the late Representatire 
Buroes of Missouri, has resigned the position of special dis- 
bursing agent of tte U. S. geological survey. 

Mb. I). W". Langdon, Jr., who has been for a number of 
years connected with the Alabama geological survey, has 
entered upon the duties of geologist and consulting mining 
engineer of the Chesapeake and Ohio railway, with headquar- 
ters at Richmond, Va. 

Dr. H. M. Chance, has returned from the Choctaw Nation, 
Indian Territory, where he made an extended examination of 
Choctaw coal lands. Dr. Chance has opened an office in Phil- 
adelphia, and hia permanent address hereafter will be 418 
Drexel Building. 

Mb. G. E. Baii.ey has been appointed professor of Met- 
ALLUBOY at the Dakota School of Mines, Rapid City, to suc- 
ceed Prof. H. 0. Hofman. 

The Familiar Experiment of setting roofing-slates on edge 
upright in a dish of water, and noting how far the water as- 
cends by capillary attraction in the substance of the slate, is 
one of the best tests that can he made. In a good slate the 
water should rise only slightly above the surrounding surface. 
A slate which draws up the water to a considerable bight 
should be avoided as likely to be destroyed by frosts and 
weathering. American Architect. 

Allotropic Forms of Silver. According to M. M. Carey 
Lea, in the American Journal of Science, June, "Silver is 
capable of existing in allotropic forms possessing qualities 
differing greatly from those of normal silver. There are three 
such forms, or rather three modifications of one form, differ- 
ing from each other in many respects, hut all more nearly re- 
lated to each other than any one of them to normal silver. 
One of these forms is soluble in water, passing readily to an 
insoluble form, and this last may, by the simple presence of a 
neutral substance exercising no chemical action upon it, re- 
cover its solubility. Another form closely resembles gold in 
color and lustre. These allotropic forms of silver are broadly 
distinguished from normal silver by color, by properties, and 
by chemical reactions. They not improbably represent a 
a more active condition of silver, of which common, or nor- 
mal, silver may be a polymerized form. Something analogous 
has already been ooserved with other metals, lead and 
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hiB purpose in c on b true ting this tower. "I desired to show, in 
spite of my personal insignificance, that France continued to 
bold a foremost place in the art of iron construction, in which 
from the earliest days her engineers have been more partic- 
ularly distinguished, and by means of which they have 
covered Europe with the creations of their talent. Douhtless 
you are not ignorant that almost all the great engineering 
works of this nature, in Austria, Russia, Italy, Spain, ana 
Portugal, are due to French engineers ; and the traveller dis- 
covers with pride, as he paaseB through foreign countries, the 
traces of their activity and their science. The tower, 1,000 
feet high, is, before every thing, a striking manifestation of 
our national genius in one of its most modern developments ; 
and this ia one of the principal reasons for its existence. If I 
may judge by the interest which it inspires, abroad as well as 
at home, I have reason to believe that my efl'orts have not been* 
unavailing, and that we may make known to the world that 
France continues to lead the world, that she is the first of the 
nations to realize an enterprise often attempted or dreamed 
of; for man has always sought to build high towers to raani- 
feet his power, but he soon recognized that the laws of gravity 
hampered him seriously, and that his means were very limit- 
ed. It is owing to the progress of science, of the engineer's 
art, and of the iron industry, that we are enabled to surpass in 
this line the generations which have gone before us by the 
construction of this tower, which will be one of the character- 
istic feats of modern industry." 

It is 8Ar!> that only three of the rarer metals are regularly 
produced in this country. These are aluminum, iridium and 
platinum. Most of the rare metals are imported from Ger- 
many, although many of their compounds occur more abun- 
dantly in North America than elsewhere on the globe. Gallium, 
as quoted in price lists of rare metals, commands the highest 
price, being worth $140.00 per grain. It is doubtful if the total 
production of this mineral since its discovery would amount 
to one hundred pounds. Vanadium and glucinum come next 
in order of value. Zirconium might be obtained from the 
zircons of North Carolina, but at present the supply all comes 
from Europe. 

At A MEKTiNG of the Russian Mineralogical Society, K. D. 
Chrustschoff", it is said, demonstrated the existence of a new 
metal which ho has just discovered and named "russium." 
The metal approximates closely in its properties to thorium, 
and its existence was predicted by Mendeloeff. 

According to Pkop. J. E. Todd the Dakota sandstone of the 
Cretaceous, supplies the main source of artesian water for the 
numerous flowmg wells throughout all South Dakota, 

North American Geoixigy and Palaeontology is the title 
of a large work by S. A. Miller of Cincinnati Ohio, now in the 
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couree of publication and expected to be ready for deliTtry bj 
the Ist of November. The book will be Royftl Octavo about 
800 pp. in brevier type, with two columns on a page. About 
one hundred pages are devoted to definieioQB and laws of geol- 
ogy, Btiati graphical geology and the laws of nomeDclature- 
The great body of the work cousists in a definition of all palaa- 
ozoic genera with the etymology of the words, the name 
of the type species and place of publication, and the illustra- 
tion of nearly all the genera, with lists of tbe species which 
have been described. Some genera are illustrated by a single 
figure of the type species or a typical species, and others have 
several figures to show the generic characters. The work will 
be indispensable to every geologist, and the author believes it 
alike serviceable to the beginner whether at home or at school. 
It will be sold at 15.00 a copy. 

• After the Late Mebtinq of the American Associatiok 
for the Advancement of Science, at Toronto, an excursion to 
the area of the Haronian rocks in the vicinity of Sudbury was 
given by the Toronto Local Committee. This party was under 
the special guidance of Director A. R. C. Selwyn and Dr. Rob- 
ert Bell, ofthe geological survey of Canada, and embraced, 
besides several ladies and some botanists and entomologists, 
the following geologists ; Prof. G. C. Broadhead, Columbia; Dr. 
E. W. Claypole, Akron ; Prof. C. H. Hitchcock, Hanover ; Dr. 
E. 0. Hovey, Waterbury; Dr. A. C. Lawson, Ottawa; Prof. E. 
W. Morley. Cleveland ; Dr. A. Winchell, Ann Arbor, and Prof. 
N, H. Winchell, Minneapolis. The party numbered twenty- 
three and returned to Toronto.Saturday, Sept, 7th, whence they 
dispersed again to their respective homes. 

This trip was remarkable not only for the marked interest 
that centers in theHuronian system of Canada, and the differ- 
ences that have arisen as to its nature and stratigrapbic posi- 
tion, but quite as much for the contrast it presented to the ex- 
plorations made hy the early geologists, Alexander Murray 
and Sir Wm. Logan, in the same region in the later thirties and 
early forties of this century. Those trips were arduous and 
dangerous, made in canoes or on foot, with a few Indians and 
laborers to carry along what food and instruments the work 
required. At night tlie party slept on the ground, sheltered 
only by a small tent or by a clump of bushes, or rolled up 
alone in their individual blankets. This trip was made in a 
parlor and sleeping car ofthe Canadian Pacific railway,in which 
the party found not only means for rest and sleep at night, and 
storage and transportation for instruments and specimens, but 
also the enlivening company and conversation of ladies. The 
car was drawn by a special steam engine, and was stopped 
wherever and as long as, the geological features of the regiin 
invited. 
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CHARLES WHITTLESEY. 

By ALIXANVIB VlHCHKLL. 

To the generation now pasBing away the name of colonel 
Whittlesey wae a familiar soand ; and hie high, nobU and 
benevolent physiognomy vas a genial and inspiring vision in 
the circles of intellectual life. He was the moving spirit in 
numerous enterprises of science, literature and industry ; his 
intelligence was many-sided, and diverse in the direction of its 
activity ; bis earnest life was prolonged almost to the limit of 
four-score years, and he established himself firmly in the 
regards of an extraordinary number of acquaintances, friends, 
and admirers. He achieved many important results which 
will perpetuate his memory as long as civilization endures ; 
and yet adversities of fortune prevented his accomplishment 
of all that he aspired to, or all that he was fitted to achieve 
with honor and usefulness. Few have passed from active life 
more widely mourned or more profoundly venerated. 

Charles Whittlesey was bom in Southington, Connecticut, 
October 4, 1808.' He wae the son of Asaph and Vesta (Hart) 
Whittlesey, who settled in Ohio in 1813. Asaph was descended 
from John, who arrived in America about 1650. He died in 

' Most of the bioeraphieal data of the present eketch are taken h^im 
the "Memorial of Colonel Charles WhitlleBeT" drawn up by the 
honofkbla C. 0. Baldwin of Cleveland, and published as Tract No. 68 
of Uie Western Reserve Historical Society, pp. 40e>434. 
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Tallmadge, Ohio in 1842, after spendi 
and adventntous years in laying the I 
zation of which Ohio is bo justly pro 
of three-quarters of a century. He 
as justice of the peace and postmas 
arrival in Ohio to nearly the close 
brother of honorable Elisha Whittle 
Ohio, ensign of a military company 
captain; a soldier in the war of 1$ 
brigade major and inspector, and 
member of congress, and for many j 
the national treasury. 

The stern and rugged virtue and 
blended with the refinement and higl 
the character of the son Charles, 
wilderness, seldom with a fiill sense 
ous savages, pressed daily by the re] 
tributing as he might to the earning 
Charles still possessed the industry a 
for securing early headway in a thon 
years of age he began school at Soutl 
the log school-house at Tallmadge ; 
newly completed academy, working 
mer until he was nineteen. At this 
West Point. Graduating in 1831, 1 
lieutenant in the fifth United Stat 
vember started to join bis regimes 
detained for a winter's duty, howevei 
the spring was assigned to the post a 
from the army at the close of the Bis 
a law ofl^ce in Cleveland, and became 
of the Whig and Herald, until 1837 
logical surveys was now rapidly riaii 
sey had lent his influence as a journa 
of public interest in Ohio. Professoi 
placed in charge of the survey in tha 
associated with him was colonel Whi 
to duty as topographer, geographer, 
The survey, however, ceased to exist 
and thus began that wasteful no-poli< 
of incompetency has since pursued 
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meagre and provisional BtatementB contained in two annual 
reports were alone preserved ; but the full eluboration of the 
resultB, even of two vearB woib, by the highly competent corps 
' of geologists enlisted, was totally lost to the Commonwealth. 
True, the State was then in its infancy ; and the science itself 
had scarcely advanced beyond the infantile stage; and one 
may, perhaps, feel less surprise that the undertaking was 
abandoned than that it had been deliberately begun. "Fifty 
years since," wrote colonel Whittlesey in 1884, "geology had 
barely obtained a standing among the sciences, even in Europe. 
In Ohio it was scarcely recognized. The state at that time was 
more of a wilderness than a cultivated country, and the sur- 
vey was in progress little more than two years. It was unex- 
pectedly brought to a close, without a final report. No pro- 
vision was made for the preservation of papers, field-notes and 
maps." And yet, one who knows what was accomplished by 
that early survey, and has watched the later developments of 
industry and civilisation in Ohio, understands well that even 
Buch an incomplete survey has been worth many times its cost 
to the State. 

During his connection with the survey, and during the two 
following years, colonel Whittlesey gave much attention to 
the ancient earth-works in the state, and may be said to have 
completed an examination of them. It was fortunate for 
American archseology that a student so competent was led to 
devote his efforts to the subject white yet the relics of the 
aboriginal race remained comparatively intact. 

In 1344 he made an agricultural survey of Hamilton county. 
The same year the information was spread abroad that the 
geological investigations in Michigan bad disclosed the exist- 
ence of large deposits of copper in the Upper Peninsula. One 
of the companies organized in Detroit for explorations in that 
region engaged colonel Whittlesey as geologist. The explor- 
ing party coasted from the Sault Ste. Marie to the present site 
of Marquette. The ores of iron observed in abundance, had 
little value at that time, in consequence of the difficulties of 
transportation. The party pushed on to Copper Harbor, and 
thence to the Ontonagon region, wearied by labors, imperiled 
by winds and waves, but always sustained by the hope of rich 
discoveries. It was on this shore that Dr. Houghton lost his 
life in 1845. A life-like account of this journey was pub- 
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lisbed by colonel Whittlesey, in the National Moffosine of 
New York, entitled, "Two Months in the Copper Regions," 

From 1847 to 1851 inclusive, he was employed by the United 
States in the surrey of the country around lake Superior and 
the upper Mississippi, with reference to mines and minerals.' 
Subsequently he spent much time in the mineral district of 
the lake Superior basin. The wild life of the woods, thread- 
ing the stream with voyageurs and sometimes withoutaguide, 
was full of attraction for him. He was not, however, a rude 
hunter, nor a random explorer. He studied the forest as be 
adranced ; he noted the topography, he measured the rock- 
masses and preserved in digrams the knowledge of their 
attitudes and superpositions; devoting in all, fi^en seasons 
to the trying experiences of exploration in a country present- 
ing all the hindrances and hardships of one of the most diffi- 
cult and trying districts of any part of the earth. 

In 1849, 1860 and 1858, he explored the valley of the 
Menominee river from its mouth to the BruM. He was the 
first geologist to explore this "South Range."' He examined 
the north shore of lake Superior from the present site of 
Dulath eastward one hundred miles ; and his examinations 
extended westward along the St. Louis river, to the neighbor- 
hood of the national boundary. His observations in Minne- 
sota were published by the State in 1866.* 

In 1858 and 1859, he was employed by authority in the 
prosecution of geological surveys in Wisconsin. He had 
been the first to make scientific observations worthy 
of recognition in northern Wisconsin, while connected 
with Dr. D. D. Owen's national survey, in 1848. In 
1860, he was again invited by state authority to con- 
tinue work in the same region, and made to professor 
James Hall a report on Ashland, Bayfield and Douglass coun- 
ties which has never been published — the survey having been 
interrupted by the war. 



* Wiaranain Geological Rep*rt, iii, 490, 679. 

* Report of colonel Charles WhittleM? on the minenl r^on of 
HinneaoU, 8vo, S3 pp. clooe type, with wood-cnta. "Thia little pam- 
phlet contains much mlormation concerainK the sorthem part of the 
■tate not to be found to any earlier pubUcation." (Geological Survey 
of Hiiuiesota, Inal report v<d. i, p. 99.) 



,y Google 



CharleB WhiUlet«y.—A. Winehdl. 261 

The first Bounds of war diverted colonel Whittlesey's atten- 
tion toward s different field of activity. Having been edu- 
cated a soldier, he felt that he owed his services to his country 
whenever a national emergency arose. He became a member 
of one of the military companies that tendered their services 
to president-elect Lincoln when he was first threatened in Feb- 
ruary, 1861. He became quickly convinced that war was 
inevitable, and urged the state authorities that Ohio be put 
at once in preparation for it ; and it was partly through his 
influence that Ohio was so very ready for the fray. • • • 
Two days after the pioclamation of April 15, 1861, he joined 
the goTerno,r'B staff as assistant quartermaster general. He 
served in the field in West Virginia with the three months 
men as state military engineer ; with the Ohio troops under 
generals McClellan, Cox and Hill, * * * At the expira- 
tion of the three months service he was appointed colonel of 
the twentieth regiment Ohio volunteera ; and was detailed by 
general Mitchell as chief engineer of the department of the 
Ohio. He planned and constructed the defences of Cincin- 
nati." 

In December, 1861, he wae ordered to Kentucky with four 
companies of infantry "to suppress the rebel element" in sev- 
er^ counties, with headquarters at Warsaw.' 

Colonel Whittlesey was in command of his regiment at the 
taking of Fort Donelson, and was sent north with the prison- 
ers, of whom over ten thousand five hundred were committed 
to him. In April, 1862, on the second day of the battle of 
Shiloh, colonel Whittlesey commanded the third brigade of 
general Wallace's division— the twentieth, forty-sixth, and 
seventy-eighth Ohio regiments. Under the impression that 
this decisive battle was the harbinger of the close of the war, 
he yielded to the requirements of long sufiering health, and 
sent in his resignation. 

Colonel Whittlesey soon turned his attention again to 
explorations in the upper Mississippi and lake Superior basins. 
He examined the prairies between the head of St. Louis 
river and Rainy lake, between the Big Fork of Rainy Lake 
river and the Mississippi, and between the waters of Cass lake 
and those of Red lake. The uniformity of level was found so 
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¥iif)'/:* »t:i/*fM.'..r,x r'l'ig^'rf ; «r.d c-ojfjotl Whittlcan-'s detein- 
ttM*.:'rtM lf«r« >«•«:» r«^i«4 tiffin bj the adTocslca <rf <s extcK- 
«y« K^rH^m </f inland irrigation in tiie r^<ni of the sotmes 

^tlM MflMtiaKijfJyi, 

Afl<*r M'f 'Iir<r>iin«d scsrecr, it r«t remained for etdond 
Wtiftt)<M«y ti/ «nt«r ai>on an undertaking destined to inaare 
Itiimi '■.'iiitfAtiUi\y t)ie gral«ful remembrance of his Mlow dti- 
iUiiiM of CAuvmImuiI and northern Ohio. In 1867 be devoted bii 
grnnt wiKirity ati'l lart(« experience to the baildingap of tbe 
"Wptiurn \U>utirve and Northern Ohio Hiatorical Society." la 
tliin Mnfvirn li'i Ittbor'^l inilefatigably during the remainder of 
' tilN lirn. "All liiokml to him to lead tbe movement, and none 
oUmr ■■mild hnva Afiimiiiohed his efficiency or ability as preai- 
donl lit l)i« H(ii'i«ty," Ho commenced immediately the prepar 
rutloii of IiIn viilliiible work on "The Early History of Cleve- 
Imitl." ||« iitivcr iionHod to gather important material for the 
unOilVKa iif the HnciiMy, and contributed its most important 
liilhllnntliinM. Ills inoHt valuable work, however, was least 
iiiitii<|it<ti)iiiiH, (I. ooiiMlsUid in the constant and indefatigable 
«pftl wllli whloli (Vum IHUTto 1H86, he promoted its prosperity. 
Kit Iwpiil.v .vnHm Uii> welfare of the Society was at all times 
liU liiiMdiPMH Hiid waH niivt>r olThia mind. 

Iiirtniillli'n iiriiwiifil iipim him— many of them tbe ulterior 
h'MtilU ii|'linrilHhi|t!< nnit exposures in his northern work — but 
Ittitllvl iitil no vol niifun) hU laWrs as finished. Daring tbe 
Ual tVn yonr* itf hin life, hie tluuii^hts nuiged to an unosual 
*vli'«1, i»\>'r i^'h»;i<>H«thinni>!t.tiitdlhe relations between science 
««vl r»>hi!>i>» The th<>mi>8 wore nut new lo him, but be now 
Ai>tu<txsl Im« vii'w* in minv sysifmaiio shape, and supplied 
w«w,»\<«« vvuii-.t'uii^'ttst f.»r (hf nr««s. Now. at length, be 
(v\\«sto'a»A\t V,:> ;-,:V »(,^rk »N>;»:i»"i-;<\i H* bad ba( a few weeks 
^\^ w t i v>» !t\;;-.l*\ ft'.." :■•.■:■ ^, «.Vi,»!vr IT. 1?^ be w»s seiicd 
».'•*,■■■ ; »v,s o;-. iV tV";,-w;-j:,isy b* y*ss*a ^cl::>. 
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bnt Bacrificed the sdvaatagea of perBisteot and concentrated 
effort in a life-long occupation. But if his labors, by lack of 
continuity, failed to reach the deepest principles of science, 
industry and human life, he gained by versatility and aptness 
to respond to the demands which from time to time seemed 
most urgent and best suited to his abilities. Thus viewing 
his long and useful life in retrospect, we have to contemplate 
him as a soldier, a geologist, an archeeologist, a journalist and 
a religious thinker. In each of these characters he rendered 
service to the world, of which we would speak in a few char- 
acteristic words. 

He possessed the qualities of the true soldier. These were 
manifest in his manly mien, in his self poise, in hie terse 
phrase and his iron purpose. Had he not been dowered with 
more than soldierly gif^s, his life would have been spent in the 
army. But his military susceptibiUtieB were re-awakened 
whenever his country needed soldierly defence. His services 
in the War of the Rebellion were conspicuous for bravery, for 
prudence, for foresight, for promptness, for a humane spirit, 
even for a high order of generalship. At Seary Run, on the 
Kanawha, July 17, 1861, he distinguished himself by intrepid- 
ity and coolness during a severe engagement, in which his 
horse was shot under him. In Kentucky, his military energy 
and marked sagacity crashed treason and establiEhed order 
with unexpected celerity. At Fort Donelson, his conduct 
elicited the special commendation of generals Wallace, Force 
and Grant, and of senator Sherman. What is even more, his 
relations with his subordinates won him many expressions of 
profound and tender regard. But when the call to arms was 
no longer heard he knew how to doff his uniform and cultivate 
the arts of peace. 

Colonel Whittlesey was a good geologist. His studies were 
chiefly structural and stratigraphical ; and his field work was 
almost always upon unfossiliferous rocks; but when in Ohio, 
he gave due attention to the collection of organic remains, and 
these he carefully referred to definite physical horizons. He 
appreciated their significance in geological investigation.' 
I'hitt] 

8ci. Phil., July, 1865, pp. 1 09-133. ) ColonelWhittleeey hi maelt published 

^ 1 .._!!__ _» _ — Splint BOppoaed to be new (Amer. Jonr. Sci., 

Hie personal attention to foMils is evinced in 
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His earliest geological studies were made in 1838 and 1839, 
in comiectioii with the first geological survey of Ohio. His 
reports aggregate forty-three pages. His attention waa 
directed to the construction of maps, the running of levels, the 
determination of attitudes, the measurement of the thicknesBes 
of formations, the encroachments of rivers, the Quctuation of 
the great lakes, the ridges of lake Erie, the variation of the 
magnetic needle and the survey of ancient earth works. In 
hia subsequent explorations colonel Whittlesey paid much 
attention to the Drift. He early made it the subject 
of serious study, and was among the first to insti- 
tute systematic and widely extended investigations.' 
His method of geological investigation is well illus- 
trated by his paper of 1851, read before the American 
Association. In this were depicted and described seven ex- 
tended sections of Drift deposits : 1. From the Canada shore 
of lake Erie southward through Cleveland to the summit land 
near Akron. 2. From Detroit westward to the summit between 

hie descriptions and flgares embodied in a paper on the "Equivalencj 

of the roctfl of northeastem Ohio and the Portage, Chemung and Ham- 
ilton rocks of New York." {Proc. Amer. Assoc. Adv. Sci., Oinciimali 
meeting, 1851, pp. 207-221.) 

' 9ome of hia papeTS are the following ; Diluvium or Brift of Ohio 
and the West. Illustrationa. pp. 12. (Amer. Jour. Sci. March, 1848.) 
Od the superficial deposits of the northwestern part of the United 
States. (Proc. Amer. Assoc. Adv. 6ci., Cincinnati, IS51, pp. &4-58). 
Drift of the northwestern States, pp. 2. (Annals of Science, Cleveland, 
1862). Drift etchings, lake Superior, Illns. (Annals of Science, 
March, 1854). Fre-glacial channel of Eagle river, lake Superior. 
{Pamplilet, Boston, 18d5). Natural terraces and ridges of lake Erie, 
pp. 9. (Amer. Jour. Sci. 1850). On the drift cavities or potash kettles 
of Wisconsin, pp. 2. (Proc. A. A. A. Sci., 1857). Fresh water glacU 
Drift of the Northwest, 4to, Illus. and maps, one colored. (Smithsonian 
Contributions). On the ice movement of the glacial era in the valley 
of the St. Lawrence, pp. 12. "(Proc. A. A. A. Sci., Burlington, 1867), 
Glaciation of Kelly's Island, lake Erie, pp. 7. (Proc. A. A. A. Sci., 
1878). The ice era in Ohio, pp. 3, 1884. Forks of the Cuyahoga, pre- 
glacial, inter'glaciftl, and post-glacial, pp. 4. 1885). 

In reference to the scientific value of nis work in Minnesota, we find 
the following in the Final Report on that state, vol. i. p. 99 : "Whittle- 
sey's grouping of 'glacial etchings' proves the direction of the glacial 
movement in the northern part of the state to have been from the 
northeast; and he unhesitatingly ascribes all the phenomena in North 
America to the agency of glaciers; placing the southern limit of th« 
movement in New Jersey, northern Pennsylvania, Ohio, Indiana, 
Illinois, Wisconsin and Iowa. The correctness of this early prognos- 
tication has been strikingly verified by late esploratione in several 
of the states named. He could see no reason to suppose that any 
changes of level of the country have taken place since the era of the 
Drift?' 
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lakes Brie and Michigan. 3. From Chicago west to the Bum- 
mit hetween lake Michigan and the MiaBiSBippi. 4. From 
Sheboygan, Wi8ConBin,to lake Winnebago. 5. From LaPointe, 
lake Superior, to the Apuknoyekan river. 6. From the west 
«nd of lake Superior up the valley of the St. Louis river, acroBB 
the Meaahi range to the Grand Fourche of Rainy Lake river. 
7. A sheet of detailed aectione showing the interchangeability 
and contemporaneous character of the red and blue clays at 
Racine, Milwaukee and Sault Ste. Marie. The explanation of 
these sections tended to show that in all parts of the north- 
west, east of the MlssisBippi, the Bame order of succesBion in 
the drift deposits obtains. Colonel WhittleBey had sought 
everywhere for organic remains, and he presented a few, 
referred as usual, to their precise localities, depths and sur- 
roundings, which awakened a lively discussion. He felt him- 
self justified in conclusion, in pronouncing "all this vast, wide- 
spread, superficial mass, extending from the interior of Ohio 
to the plains of the Red river of the North and the Saskatche- 
wan, one formation, with memberB ;" and "its difference of 
composition — its clays, marls, hard-pans, gravel, bowlder- 
masses and sand ridgcB — due to modifications of that force, 
whatever it was, which brought on the materials, and in doing 
so, scratched, polished and abraded the surface of the under- 
lying indurated rocks." 

His study of the geology of Ohio was not restricted to one 
or two features. On several occasion, he treated of the general 
geology of the state ; but more frequently, he described more 
limited regions or features," Many of hia reports on the 

■General Geology of Ohio, with a map, 1847. (Pamphlet). Oiitline 
sketch on the geology of Ohio, with outline map of the geological for- 
mations of Ohio, pp. 13. (Howe's Historical CoIlectionB of Ohio, 
1848). Geological map of Ohio, 2s2 feet, J. H. OcHton A Co., Sew 
York, 185S. The equtvalencv of the rocka of northeastern Ohio and 
the Portage, Ohemunfr ano Hamilton rocks of New York, pp. 16. 
{Proc. A. A. A. S., Cincinnati. 1861). The lower Limestone Group 
Coal Series of Eastern Ohio, pp. S. (Proc. Inst Mining; Ene. IS64). 
Physical Geology of northeastern Ohio, 4to. pp. 9. Plate and elegant 
map. (Proc. Bo's. Soc. Kat. Hist., Feb. 2, 1869). Physical atracture 
ofthe Ohio coal field, pp. 7, 1887. (Proc. Amer. A. A. Sci., 1876). 
Great Coal Seam re^on of Ohio, pp. 7, IIIok., 1677. Iron ores of the 
Great Coal Seam region, plates, pp. 4, 1877. Dip of the Great Coal 
Seam, Ohio. pp. 4, 1878. Geology of Portage county, Ohio, 1878. 
General geology of the conntiei of Columbiana, Stark and Tuscarawas. 
Laree, 8vo. pp. 8. (Report of Secretary of State, Ohio, 1878.) Great 
Coal Seam, Straitflville, Ohio. pp.0. Map. ISSI. 
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Dortbern regions explored contained original matter of scieo- 
tific as well as economic interest. This ie especially trne of 
his discussions of the Menominee and Penokie iron regions.* 
His researches on the copper deposits of lake Superior were 
important ;'" and many questions of great interest were treated 
by his versatile pen," 

For several years, prior to 1869, colonel WbittleBey urged 
apon the public of Ohio the necessity of a reorganization of 
the State geological survey. When the bill was finally passed 
he fondly "hoped to be the chief of the survey in his own 
state." He had for over thirty years labored to familiarize 
himself with its natural features, and was generally recognized 
as eminently fit to direct the work of a survey. But the 
appointing power deemed it wise to appoint another. Colonel 
Whittlesey was offered a subordinate position but declined it. 

As an archseologist colonel Whittlesey was early in the field, 
WHS fortunate in the material accessible, industrious in its in- 
vestigation, and fruitful in results. His name will always 
hold high rank among American students. The fruits of his 
earlier labors were generously surrendered, in 1845 and 1846, 
to Messrs. Squier and Davis, and were embodied with due 
acknowledgments, in their memoir constituting the first vol- 
ume of the Smithsonian "Contributions to Knowledge," A 
further installment of results was published in 1850, as one of 
the Smithsonian "contributions," and another in 1862." N«- 



coonty, Wis., 4to pp. 10. (Proc. Bob. Soc. Nat. Hiet.j 1863). Report 
upon the Magnetic Iron property, Aehland connty, Wis, M^b. pp. J- 
The Menominee iron region, pp. 4. (Kirtland Soo. Nat. Sci., Cleve- 
land, 1880). 

"Copper Regions ef lake Superior, 12 mo. pp. 84, 1846. Report of 
explorations on the Bouth side of lake Superior, in WlaconBin, with 
fine map, 4to, pp. ^d. (D. D. Owen's Geological Rep., WashingtoD, 
1862). The Penokee copper range. (Pamphlet, 1864.) 

" Agricultural resources of the Upper Peninaula of Michigan. (Mich, 
Agric. Rep., Nov. 1864), Mineral resoorces of the Rocky mountains, 
pp. 64, colored map, email, Bvo, 1865. Origin of mountain chains, pp. 
4. (Proc. A. A. A. Sci., Portland, 1873). Physical Geology of lake 
Superior. Ulna, and map, pp. 12. (Proc. A. A. A. Sci., Detroit, 1875), 
On the origin of mineral veins, pp. 4. (Proc. A. A. A. Sci., Buffalo, 
1876.) 

" Ancient Earth-works in Ohio, 4to, 7 platea, pp. 20. (Smithsoniiui 
Contribntions, vol. m. Art. 7), Ancient mining on the shores of lake 
Superior, 4ki, pp. 29, colored folding map and illustrations. (Smith- 
sonian Contribntions. ) 
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meroua other archaeological papers were published through 
periodical and other chaanels," 

We have not space for entering int© further details. Colonel 
Whittlesey's position as an archEeologist is attested by such 
reputable and competent judges as Robert Clarke, John D. 
Short, John D. Baldwin, Sir Daniel Wilson, Sir John Lubbock 
and the Marquis de Nad&illac. 

His interest in historical subjects was followed by euccess- 
ful efforts toward accumulating and preserving the materials 
of history. He zealously promoted the purchase of the 
St, Clair papers by the State of Ohio, published in 1882. He 
was very prominent in the project which ended in the publi- 
cation of the Margry papers jn Paris — papers so highly appre- 
ciated by Parkman, and by the late president Garfield. As 
member and president of the Western Reserve Historical 
Society, he was instrumental in securing much material, and 
contributed twenty-two historical tracts to its publications, 
besides the archseological ones already mentioned. Hie his- 
torical papers relate chie0y to the Northwest. They are gen- 
erally brief ; but his History of Cleveland (1867) is a Tolum« 
of 487 pages ; and several other contributions extend to 30 or 
40 pages. In 1852 a selection of seventeen of his productions, 
mostly historical, was republished in a 12mo volume of 397 
pages, under the title of "Fugitive Essays." " 

In his relations to religion, Judge C. C. Baldwin records of 
him the following estimate : "He was a profoundly religious 
man, never ostentatiously so ; but to him religion and science 
were twin and inseparable companions. They were in his 
life and thought, and he wished to, and did, live to express in 
print his sense that the God of science wasthe God of religion; 
and that the Maker had not lost power over the thing made." 
"He rounded and finished his character as he finished his life, 
by joint and hearty affection and service to the two joint in- 
struments of God's revelation, forsohe regarded them." * " * 
"He had no patience with materialism," testified hia pastor, 

"The HeaperiBD, July, 183S; Annals of Science, 1852; Mem. Bos. 
Soc. Nat. Hiat., 1867; Proc. A. A. A. Sci., 1851, 1868, 1871 (2 art.), 
1875; Western Reserve Hietor. Soc, 1871, 1872, 1876, 1877, 1878, 1879, 
1680, 1881 ; Proc, State ArchGeol. Soc., 1876, 60 pp. with many lllus. 
Journal of Engineers, 1883. 

" HndsoD, Ohio, Sawyer, Ingersoll & Co. 
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"but, in hia matare strength of mind, had harmonized the facts 
of scieDce with the truths of religion." 

Colonel Whittlesey in his life was simple, honest, earnest, 
positive and patriotic. In his later years he suffered mnch 
from bodily ills ; but he never remitted his intellectual labors. 
A stranger would never have suspected the infirmities under 
which he sent forth during 1885 and 1886, his rapid snccession 
of papers on scientific and theological themes. When the 
present writer had congratulated him in the long preservation 
of Buflicient vigor to endure such arduous labors, he was quite 
astoniBhed when his venerable friend wrote in reply — at the 
suggestion of his watchful and helpful wife, as he said — a cat- 
alogue of the distressing bodily i^lments from which he suf- 
fered. "Ah, air," he said, "you would not suspect that all these 
productions have come from the hand of an infirm old man, 
prostrate and helpless in his bed and on his back. 

The completion of the seven theological essays referred to 
brought him the assurance that his work waB now complete. 
In a few days after he bad penned his last line he breathed hia 
last breath. The faithful partner of his long and useful life 
did not long survive him. Honor to the memory of both. 

THE MATHEMATICAL THEORIES OP THE EARTH.* 

By R. S. WooDWiBS. 

The name of this section, which, by your courteey, it is my duty to 
address to-day, implies acommuaity of interest among astronomers and 
mathematicians. This community of intereet it is not difficult to 
explain. We can of course imagine a considerable body of astronomi- 
cal tnctH qnita independent of mathematics. We can also ima^e a 
much larger body of mathematical facts quite independent ol and iso- 
lated from astronomy. But we never think of astronomy In the large 
sense without recognizing its dependence on mathematics, and we 
never think of mathematics as a whole without considering its capital 
appUcatioDB in astronomy. 

'^In the list of colonel Whittlesey's writings are fourteen titles 
touching religious themes— one each in 1871, 1874, I87S, 1879, 1880, 
two in 1S7S, and seven in 1386, the last year of hia life, which have 
been republished in a pamphlet of 39 pages, entitled, "Theism and 
Atheism iu Science." It may be added that the full list of Colonel 
Whittlesey's publications embraces: Historical, 56; archgeolc^al, 
23 ; geological, 72 ; biographical, 7 ; scientific and miscellaneons, 22 ; 
religious, 14; total, 194. 

■VIoe-presldenllBl addTesa before the BectloD of Mathematics and AjtruomT ot 
tlw American Auoclatlon lor the AdTaucemeiit of Sctenc*, at Toroato. O t., Aug. 
3S«ep(.8. 
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Of nil the subjects and objecU of common intereet to ub the earth 
will easily rank flret. The earth furoishes ns with a stable foondation 
for instnunental work and a fixed line of reference, whereby it is pos- 
sible to make ont the orderly arrangement and procession of oar solar 
system and to gain some inkling of other systems which lie within 
telescopic range. The earth farnishes ua with a most attractive store 
of real problems : its shape, its site, its mass, its precession and 
nutation, its internal heat, its earthquakes and volcanoes, and its ori- 
gin and destiny, are to be classed with the leading questions for astron- 
omical and mathematical research. 'Vie most of course recognise the 
. claims of oar friends the gsologists to that indefinable something 
called the earth's crust, but, considered in its entirety and in its rela- 
tions to similar bodies of the universe, the earth has long been the 
special province of aBtronomers and mathematicians. Since the times 
of Galileo and Kepler and Copernicus it has supplied a perennial stim- 
ulus to obsarvation and investigation, and it promises to tax the 
resources of the ablest observers and analysts for some centuries to 
come. The mere mention of the names of Newton, Bradley, d'Alem- 
bert, Laplace, Vourier, Gauss, and Beesel calls to mind not only a long 
list of inventions and discoveries, but the most important parts of 
mathematical literature. In its dynamical and physical aspects the 
earth was to them the principal object of research, and the thorough- 
ness and completeness of their contributions toward an explanation of 
the "system of the world" are still a source of wonder and admiration 
to sJl who take the trouble to examine their works. 

A detailed discussion of the known properties of the earth and of the 
hypotheses concerning the unknown properties, is no fit task for a 
summer afternoon ; the intricacies and delicacies of the subject are 
Buitable only tor another season and a special audience. But it has 
seemed that a somewhat popular review of the state of our mathemat- 
ical knowledge of the earth might not be without interest to those 
already familiar with the complex details, and might also help to 
increase that general interest in science, the promotion of which is one 
of the most important fonctions of this association. 

As we look back through the light of modem analysis, it seems 
Strange that the successors of Newton, who took up the problem of the 
shape of the earth, should have divided into hostile camps over the 
question whether our planet is elongated or flattened at the polea. 
They agreed in the opinion that the earth is a spheroid, but they 
debated, investigated, and observed for nearly half a century before 
deciding that the spheroid is oblate rather than oblong. This 
was a critical question, and its decision marks perhaps the most 
important epoch in the history of the figure of the earth. The New- 
tonian Tiew of the oblate form found its ablest supporters in Hnyghens, 
Hanpertuis, and Clairaut, while the erron'eous view was maintained 
with great vigor by the juBtly distinguished Casainian school of astron- 
omers. Unfortunately tor the Cassinians, defective measures of a 
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meridional arc in France gave color to the false tbeorj and fomiahed 
one of the moat conspicnooa instances of the deterring effect of an 
incorrect observatioo. Aa yon well know, the point was definitdj 
settled by Manpertnia'e measurement of the Lapland arc. For this 
achievement his name has become famous in literature as well as in 
science, for hia friend Voltaire congratnlatedhim on having "flattened 
the poles and the CaBsiniB," and Carlisle has honored him with the title 
of "Earth fiattener." 

Bince the settlement of the qneation of the form, progress towards a 
knowledge of the size of the earth has been consistent and steady, 
nntU now it may be said that there are few objects with which we hare 
to deal whose dimensions are so well known as the dimensions of the 
earth. But this is a popular statement, and like most such needs to 
be explained in order not to be misunderstood. Both the size and 
shape of the earth are defined by the lengths of Its equatorial and polar 
axes ; and, knowing the fact of the oblate spheroidal form, the lengths 
of the axis may be found within narrow limits from simple measure- 
ments conducted 'on the surface, quite independently of any knowl- 
edge of the interior constitution of the earth. It is evident in fact, 
without recourse to mathematical details, that the length of any arc, 
as a degree of latitade or longitude, on the earth's surface, must 
depend on the lengths of those axes. Conversely it is plain that the 
measurement of such an arc on the surface and the determination of 
its geographical position, constitute on indirect measurement of the 
axea. Hence it hss happened that scientific as distinguished from 
practical geodesy hss been concerned chiefly with such linear and 
astronomical measurements, and tbe seal with which this work 
has been pursued ia attested by triangulatione on every continent. 

Passing over the earlier determinations as of historical iatereBtonly, 
all of the really trustworthy approximations to the lengths of the axes 
have been made within the half century just passed. The first to 
appear of these approximstionB were tbe well-fonnded values of Airy, 
published in 1830, These, however, were almost wholly overehadowed 
and supplanted eleven years later by the values of Bessel, 
whose spheroid came to occupy a most conspicuous place in 
geodesy for more than a quarter of a century. Knowing as we 
now do that Bessel's values were considerably in error, it 
seems not a little remarkable that they thonld have been so 
long accepted without serious question. One obvious reason is 
found in the fact that a considerable lapse of time was essential for 
tbe accumulation of new data, but two other possible reasons of a 
different character are worthy of notice, because they are interesting 
and instructive whether specially applied to this particular case or 
not. It eeems not improbable that tbe close agreement of the values 
of Airy and Bessel, computed independently and by different methods, 
—tbe greatest discrepency being about one hundred and fifty feet,— 
may have been incautiously interpreted as a confirmation of Bessel's 
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dimenBionfl, and bence led to their too ready adoption. It eeema 
also not improbable that the weight of Beasel's great name may have 
be«a too closely oseociated in the minds of hia foltowers with the 
weight of his observations and results. The eanction of emi- 
nent authority, especially if there is added to it the stamp of an 
official seal, ia aometimeB a serions obstacle to real progress. We 
can not do less than accord to Bessel the first place among the astron- 
omers and geodesists of hie day, bat this is no adequate justification 
for the exaggerated estimate long entertained of the precision of the 
elements of his aphernid, ' 

The next step in the approximation was the important one of Clarke 
in 18S6. His new values showed an increase over Bessel's of about 
' half a mile in the equatorial semi-axis and about three-tenths of a 
mile in the polar semi-axis. Since 1866 general Clarke has kept pace 
with the accumulating data, and given us so many difi'erent elements 
for OUT spheroid that it is necessary to affix a date to any of his values 
we may use. The later values, however, differ but slightly from the 
earlier ones, so that the spheroid of 1866, which has come to be pretty 
generally adopted, seems likely to enjoy a justly greater celebrityUtan 
that of its immediate predecessor. The probable error of the axes of 
this spheroid is not mach greater than the hundred thousandth part, 
and it is not likely that new data will change their leng:tha by more 
than a few hnndred feet. 

In the present state of science, therefore, it may be said that the 
first order of approximation to the form and dimensions of the earth 
has been successfully attained. The question which follows naturally 
and immediately ia, how much farther can the approximation be car- 
ried? The answer to this question ia not written, and ttie indications 
ore not favorable for its speedy announcement. The first approxima- 
tion, OB we have seen, requires no knowledge of the interior density 
and arrangement ot the earth's mass; it proceeds on the simple 
assumption that the sea surface is closely spheroidal. The second 
approximation, if it be more than a mere interpolation formula, 
requires a knowledge of both the density and arrangement of the con- 
stituents of the earth's mass, and especially of that part called the 
crust. "All astronomy," says Laplace, "rests on the stability of the 
earth's axis of rotation." In a similar sense we may say all geodesy 
rests on the direction of the plumb-line. The simple hypotheaie of a 
spheroidal form assumes that the plumb-line is everywhere coincident 
with the normal to the spheroid, or that the surface of the spheroid 
coinctdea with the level of the aea. But this is not quite correct. The 
plumb-line is not in general coincident with the normal, and the 
actual sea level or geoid most be imagined to be on irregular anrface 
lying partly above and partly below the ideal spheroidal suriace. 
The deviations, it is true, are relatively small, but they are in general 
mnch greater than the unavoidable errors of obaerration, and they 
are the exact numerical expression of oar ignorance is this branch 
of geodesy. It is well known, of coarse, that deflections of the plumb- 
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line can Bomelimes be accounted for by visible maseea, bat on the 
whole itniDst be admitted that we pesseas only the v^neat notions 
of their caose and a moat inadequate knowledge of their diatribntion 
and extent. 

What ia true of plom-Iine deflecUona is about equally true of the 
deviations of the intesBity of gravity from what may be called the 
epheroidal type. Given a closely spheroidal form of the ees level and 
it follows from the law of Krsvitation, as a flret approiimation, withoat 
any knowledge of the distribution of the earth's maas, that the increase 
of gravity varies aa the square of the sine of the latitude in paswng 
from the equator to the polea. This is the remarkable theorem of 
Stokes, and it enables ub to determine the form of ellipticity of the 
earth, by means of pendulum observations alone. It must be 
admitted, however, that the values for the ellipticity recently obtained 
in this way by the highest authorities, Clarke and Helmert, are far 
from satisfactory, whether we regard them in the light of their dia- 
crepency or in the light of the different methods of computing them. 
In general terms we may say that the difficulty in the way of the use 
of pendulum observations still hinges on the treatment of local anoma- 
lies and on the question of reduction to sea level. At present the case 
is one concerning which the doctors agree neither in their di^nosis 
nor in their remedies. 

Turning attention now from the surface, towards the interior, what 
can be said of the earth's mass ae a whole, of its laws of distribution, 
and of the pressures that exist at great depths? Two facts, namely, 
the mean density and the surface density, are roughly known; and a 
third fact, namely, the precession constant, or the ratio of the differ- 
entfe of the two principal moments of inertia to the greater of them, is 
known with something like precision. These facts lie within the domain 
of observation, and require only the law of gravitation tor their veri- 
flcation. Certain inferences alao from these facts andothers havelong 
been and atill are held to be hardly less cogent and trustworthy, but 
before stating them, it will be well to recall briefly the progreiia of 
opinion concerning this general subject during the post century and a 
halt. 

The conception of the earth as having been primitively fluid was the 
prevailing one among mathematicians before Clairaut published hia 
" Throne de la Figure de la Terre " in 1743. By the aid of this con- 
ception Clairaut proved the celebrated theorem which hears his name, 
and probably no idea in the mechanics cf the earth has been more epg" 
gestive and fruitful. It was the central idea in the elaborate iovesti- 
gatiouB of Laplace, and received at his handii a development which his 
BUcceBBOrs have found it about equally difficult to displace or to im- 
prove. From the idea of fluidity spring naturally the hydrostatical 
notions of pressure and level surfaces, or the arrangement of fluid 
msBses in strata of uniform denaity. Hence follows, also, the notion 
of continuity of increase in density from the surface towards the center 



,y Google 



Mathematical Tkeories of the Earth. — Woodward- 273 

of the ekrth. All of the principal mechanical properties and effects of 
the earth's moBB, viz., the ellipticity, the surface density, the mean 
density, the precession constant, and the lunar inequalities were cor- 
related by Laplace in e. single hypothesis, involving only one assuiDp- 
tion in Addition to that of original fluidity and the law of gravitation. 
This assumption relates to the compressibility of matter, and asserts 
that the ratio of the increment of pressure to the increment of density 
B proportional to the density. Many interesting and striking con- 
clusions follow readily from this hypothesis, but ths most interesting 
and important are those relative to density and pressure,' especially 
the latter, wbose dominance as a factor in the mechanics of celestial 
maesee seems destined to survive whether the hypothesis stands or 
falls. The hypothesis requires that while the density increases slowly 
from something less than 3 at the surface to about 11 at the center of 
the earth, the pressure within the mass increases rapidly below the 
surface, reaching a value surpassing the crashing strength of steel at 
the depth of a few miles, and amounting at the center to no lees than 
three million atmospheres. The inferences, then, as distinguished 
from the facts, are that the mass of the earth is very nearly symmetri- 
cally disposed about its centre of gravity, that pressure and density 
except near the surface are mutually dependent, and that the earth in 
reaching this stage has passed through the fluid or quasi-fluid state. 

Later writers bav« suggested other hypotheses for a continnoue dis- 
tribution of the earth's masa, but none of them can be said to rival the 
hypothesis of Laplace. Their defects lie either in not postulating a 
direct connection between density and pressure or in postulating a con- 
nection which implies extreme or impossible values for these and other 
mechanical properties of the mass. 

It is clear from the positiveness of his language in frequent allusions 
to this conception of the earth, that Laplace was deeply impressed 
with its essential correctness. "Observations," he says, "prove in- 
contestably that the densities of the strata [couchet] of the terrestrial 
spheroid increase from the surface to the center;" and "the regularity 
with which the observed variation in lengths of a seconds pendulum 
follows the law of the squares of the sines of the latitudes, proves that 
the strata are arranged symmetrically about the centerof gravity of the 
earth." The more recent investigations of Stokes, to which allusion 
has already been made, forbid our entertaining anything like so confi- 
dent an opinion of the earth's primitive fluidity or of asymmetrical 
and continuous arrangement of its strata. But, though it must be 
said tbat the sufficiency of Laplace's argnments has been seriously 
impugned, we can hardly think the probability of the correctness of 
his conclusions has been proportionately diminished. 

Suppose, however, that we reject the idea of original fluidity. 
Would not a rotating mass of the size of the earth assume finally the 
same aspects and properties presented by our planet? Would not 
pressure and centrifugal force suffice to bring about a central condensa- 
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tioii and a iymmetricsl airBngement of strata sunilar at least to that 
re<|au«d bj the Laplocian hypotbesia? Categorical anewers to theae 
qneatioiu can not be given. But whatever may have been the ante- 
cedent condition ol the earth's mass, the concloaion seems nnaviuda- 
ble that at no great depth the preasnre is safficient to break down the 
stractional characteristics of all known l^auhetanceB, and hence to i»o- 
doce viscons flow whenever and wherever the streeadifference exceeds 
a certain limit, which can not be large in comparison with the pree- 
snre. Purely observational evidence also of a highly affirmative kind 
in snpport of this conclusion, is afforded by the remarkable results of 
Tresca'a experiments on the flow of solids and by the ahnndant proofs 
in geology of the plastic movements and viscous flow of rocks. With 
snch views and facts in mind, the fluid stage considered indispensable 
by Laplace, does not appear necessary to the evolution of a planet, 
even if it reach the extreme refinement of a close fulfilment of some 
such mathematical law as that of his hypotheses. If, as is here 
assumed, pressure be the dominajit factor in snch large masses, the 
attainment of a stable distribution would he simply a question of time. 
The fluid mass might take on its normal form in a few days or a few 
months, whereas the viscous mass might require a few thousand or a 
few million years. 

Some physicists and mathematicians.'onthe other hand, reject both 
the idea of the existence of great preeeures within the earth's masa, 
and the notion of an approach to continuity in the distribuUon of 
densfty. As representing this side of the question, the views of the 
late M. Boche, who wrote much on the constitution of the earth, are 
wortbj' of consideration. He tells na that the very magnitude of the 
central pressure computed an the hypothesis of fluidity is itself a 
peremptory objection to that hypothesis. Accordingto his conception, 
the strata of the earth from the center outwards are substantially self- 
supporting and unyielding. It does not appear, however, that he had 
submitted this conception to the teat of numbers, for a simple calcula. 
tion will show that no materials of which we have any knowledge 
would sustain the stress in such shells or domes. If the crust of the 
earth were self-supporting, its crushing strength would have to be 
about thirty times that of the best cast steel or five to one tbotisand 
times that of granite. The views of Boche on the distribution of ter- 
restrial densities appear equally extreme. He prefers to consider the 
mass as made ap of two distinct parts, an outer shell or crust whose 
thickness is about one-sixth of the earth's radius, and a solid nacteua 
having little or no central condensation. The nnclens is conceived to be 
purely metallic, and to have about the same density as iron. To 
account for geological phenomena, be postulates a zone of fusion sep- 
arating the crust from the nuclene. The whole hypothesis is consist- 
ently worked out in conformity with the requirements of eUipUcity, the 
superficial density, the mean density, and precession ; eo that to one 
who can divest his mind of the notion that pressure and continuity are 
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important factors in the mechanics of such maBaee, the picture which 
Roche draws of the constitution of our planet will present nothing 
ineongruone. 

In a field so little explored aod so inaccessible, though hedgedabont 
as we have seen \)y certain sharplj limiting conditions, there is room 
for a wide range of opinion and for great freedom in the play of 
hypothesis ; and though the preponderance of evidence appears to be 
in favor of a terrestrial mass in which the reign of pressure is well- 
nigh absolute, we should not be surprised a few decades or centuries 
hence to find many of our notions on this subject radically defective. 
If the problem of the constitution and distribution of the earth's 
mass is yet an obscure and difficult one after two centuries of observa- 
tion and investigation, can we report any greater degree of success in 
the treatment of that stilt older problem of the earth's internal heat, 
of its origin and effects? Concerning phenomena always so impressive 
and often so terribly destructive as those intimately connected with the 
terrestrial store of heat, it is natural that there should be a considera- 
ble variety of opinion. The consensus of such opinion, however, has 
long been in favor of the hypothesis that heat is the active cause of 
many and a potent factor in most of the grander phenomena which 
geologists assign to the earth's crust ; and the prevailing interpretation 
of these phenomena is based on the assumption that our planet is a 
cooling sphere whose outer shell or cruat is constantly cracked and 
crumpled in adjusting itself to the shrinking nucleus, 

The conception that the earth was originally an intensely heated and 
molten mass appears to have first taken something like definite form 
in the minds of Leibnitz and Descartes. But neither of these philoso- 
phers was armed with the necessary mathematical equipment to sub- 
ject tbia conception to the test of numerical calculation. Indeed it 
was not fashionable in their day, any more than it is with some phil- 
osophers in ours, to undertake the drudgery of applying the machinery 
of analysis to the details of an hypothesis. Nearly a century elapsed 
before an order of intellects capable o( dealing with this class of ques- 
tions appeared. It was reserved for Joseph Fourier to lay the founda- 
tion and build a great part of the superstructure of our modern theory 
of heat diffusion, his avowed desire being to solve the great problem 
of terrestrial heat. "The question cf terrestrial temperatures," he 
Bays, "has always appeared to us one of the grandest objects of cosmo- 
logical studies, and we have had it constantly in view in establishing 
the mathematical theory of heat." This ambition, however, was only 
partly realized. Probably Fourier underestimated the difficulties of 
bis problem, for his most ingenious and industrious successors in the 
same field have made little progress beyond the limits he attained. 
But the work he left is a perennial index to his genius. Though quite 
inadequately appreciated by his contemporaries, the "Analytical The- 
ory of Heat," which appeared in 182#, ia now conceded to be one of 
the epoch-making books. Indeed, to one who has caught the spirit 
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of the extraordinATf analyflis which^oarier developed snd illnstrated 
hf Domeroua appIicationB ia this treatise, it is evidoDt th&t he opened 
a field whose reBoarces lire atill iar from being ezhaosled. A little 
later Poiiwon took up the same class of questions and published anoih- 
er great work on the mathematical theory of heat. Poisson narrowly 
missed being the foremtet mathematician of his day. In oripnality, 
in wealth of mathematical reHOurces, and in breadth of grasp of phye- 
ical principles, he was the peer of the ablest of his contemporaries. 
In lucidity of exposition it would be enough to say that he was a 
Frenchman, but he seems to have excelled in this peculiarly national 
trait. His contributions to the theory of heat have been somewhat 
overshadowed in recent times by the earlier and perhaps more bril- 
liant researcbee of Fourier, but no student can afford to take up that 
enticing though difficult theory without the aid of Poisson as well as 
Fourier. 

It is natural, therefore, that we should inquire what opinions these 
great masters in the mathematics of heat diBasion held concerning the 
earth's store of heat. I say "opinions," for, onhappily, the whole sab- 
ject is still so largely a matter of opinion that in discussing it one may 
not inappropriately adopt the famous caution of Marcus Anrelius, — 
"Bememher that all is opinion." It does not appear that Fourier 
reached any definite conclusion on this (luestion, though he seems to 
have (aroFed this view that the earth in cooling from an earlier state 
of incandescence reached finally, through convection, a condition in 
which there was a uniform distribution of heat throughout its mass. 
This is the coniiiUnloir «la(«* of Leibnitz, and it begins with the for- 
mation of the earth's cruet if not with the consolidation of the entire 
mass. It thus affords an initial distribution of heat and an epoch 
from which analysis may start, and the problem for the mathematician 
is to assign the subsequent distribution of heat and the resulting 
mechanical effects. But no great amount of reflection is necessary to 
convince one that the analysis can not proceed without making a few 
more assnmptionn. The assumptions which involve the least difficulty, 
and which for this reason partly have met with most favor, are that 
the conductivity and thermal capacity oE the entire mass remain con- 
stant, and that the heat conducted to the surface of the earth passes 
off by the combined process of radiation, convection, and conduction, 
without producing any sensible efi'ect on surrounding space. These 
or similar assumptions must be made before the application of theory 
can begin. In addition, two dala are essential to numerical calcula- 
tions, namely, the diffusivity, or the ratio of the conductivity of the 
mass to its thermal capacity, and the initial uniform temperature. 
The first of these can be observed approximately at least ; the second 
can only be estimated at present. With respect to these important 
points which must be considered after the adoption of the etmtittenUttr 
ttatut, the writings of Fonrier afford little light. He was content, per- 
haps, to invent and develop the exquisite analysis requisite to the 
treatment of snch problems. 
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Poieson wrote mnch on the Tholesnbjectof terreBtrialtemperatureB, 
and carefolly considered most of the tronhteaome details which \a.j 
between hia theory and its application. While he admitted the neb- 
ular hypothesis and an initial fluid state of the earth, he rejected the 
notion that the observed increase of nndergronnd temperatare is due 
to a primitive store of heat. If the sarth was originally fluid by reason 
of its heat, a supposition which Foisson regarded qaite gratuitous, he 
conceived that it mnst cool and consolidate from the center ootwards ; 
BO that according to this view the crust of our planet arrived at a con- 
dition of stability only after the supply of heat had been exhausted. 
But Poisson was not at a loss to account for the observed temperature 
gradient in the earth's crust. Always fertile in hypothesis, he ad- 
vanced the idea that there exist, by reason of interstellar radiations, 
great variations in the temperature of space, some vast regions being 
comparatively cool and others intensely hot, and the present store of 
terrestrial heat was acquired by a journey of thesolar system through 
one of the hotter regions. "Sucb is," he says, "in my opinion, the 
true cause of the augmentation of temperature which occurs ae we 
descend below the surf ace of the globe." This hypothesis was the 
resalt of Foisson's mature reflection, and as such is well worthy of 
attention. The notion that there exist hot foci in space was advanced 
also in another form in 1862 by Rankine, in his interesting speculation 
on the reconcentration of energy- But whatever we may think of the 
hypothesis as a whole, it does not appear to be adequate to the case 
of the earth unless we suppose the epoch of transit through the hot 
region exceedingly remote and the temperature of that region exceed- 
ingly high. The continuity of geological and pslfeontological phenom- 
ena is much better satisfied by the Leibnitzian view of an earth long 
subject to comparatively constant surface conditions but still active 
with the energy of ite primitive heat. 

Notwithstanding the indefatigable and admirable labors of Fourier 
and Poisson in this field, it must be admitted that they accomplished 
tittle more than the preparation of the machinery with which their 
successors have sought and are still seeking to reap the harvest. The 
difficulties which lay in their way were not mathematical but physi- 
cal. Had they been able to make out the true conditions of the 
earth's store of heat, they would undoubtedly have reached a high 
grade of perfection in the treatment of the problem. The theory as 
they left it was much in advance of observation, and the labors of their 
successors have therefore necessarily been directed largely towards 
the determination of the thermal properties of the earth's crust and 

Of those who in the present generation have contributed to our 
knowledge and stimulated the investigation of this subject, it is hard- 
ly necessary to say that we owe most to Sir William Thomson. He 
has made the question of terrestrial temperatures highly attractive and 
instructive to astronomers and mathematicians, and not less vrarmly 
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interestiag to geologistB and palseontologists. Whether wo are pre- 
pared to accept hie conclustona or Dot, we mast all acknowledge our 
indebtedness to the contributions of his master hand in this field as 
well as in most other fields of terrestrial physics. The contribntion of 
special int<;rest to as in this connection is his remarkable memoir od 
tbe secular cooling of the earth. In tbis memoir be adopts the simple 
hj^otheeis of a solid spbere whose thermal properties remain invaria- 
ble while it cools by conduction from an initial state of uniform tem- 
perature, and draws therefrom certain striking limitations on geologic 
time. Many geologists were startled by these limitations, and geo- 
logic thought and opinion have since been widely influenced by them. 
It will be of interest, therefore, to state a little more fuily and clearly 
the grounds from which his arguments proceed. Conceive a sphere 
having a uniform temperature initially, to cool in a medium which 
instantly dissipates all heat brought by conduction to its surface, thus 
keeping the surface at a constant temperature. Suppose we have 
given the initial excess of tbe spliere's temperature over that of the 
medium. Suppose also that the capacity of Ibe mass of the sphere for 
diS^sion of heat is known, and known to remain invariable during the 
process of cooling. This capacity is called diffuaivity, and is a con- 
stant which can be observed. Then from these data the distributiOD 
of temperature at any future time can be assigned, and hence also tbe 
rate of temperature increase, or the temperature gradient, from the 
surface towards tie center of the sphere can be computed. It is tol- 
erably certain that the heat conducted from the interior to the surface 
of the earth does not set up any reaction which in any sensible degree 
retards theproress of cooling. It escapee so freely that, for practical 
purposes we may say it ^is^instantly dissipated. Hence if we con 
assnme that the earth had a specified uniform temperature at the 
initial epoch, and can assume its difi'usivity to remain constant, the 
whole history of cooling is known as soon as we determine tbe difins- 
ivity and the temperature gradient at any point. Now Sir William 
Thomson determined a value for the diffusivity from measurements of 
the seasonal variations of underground temperatures, and numer- 
ous observations of the increase oC temperature with depth below the 
earth's suriace gave an Kverage value for the temperature gradient. 
From these elements and from an assumed initial temperature of 
7,000°, be infers that geologic time is limited to something between 
twenty million and four hundred million years. He says : "We mnst 
allow very wide limita in such an estimate as I have attempted to 
make ; but I think we may with mnch probability say that the con- 
solidation can not have taken place less than twenty million years ago, 
or we should have more underground heat than we actually have, nor 
more than four hnndred million years ago, or we should not have so 
much as the least observed underground increment of temperature. 
That is to say, I conclude that Leibnitz's epoch of emei^nce of the 
etmtUttntior ttalus was probably between those dates." These concln- 
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sioiiB were onnoanced twentj-Beven ^eara ago, and were republished 
vithont modificatioa in 1B83. 

Becentlf, also, professor Tail, reasoning from the same basiB, haa 
inaisted with eqaal confidence on catting down the upper limit of 
geologic time to some each figures as ten million or fifteen million 
years. As mathematicians and astronomers, we must all confess to a 
deep interest in these conclusions and the hypothesis from which they 
flow. They are very important if tme. But what are the probabiii- 
tiea? Having been at some pains to look into this matter, I feel 
hound to stale that, although the hypothesis appears to be the heat 
which can be formulated at present, the odds are against its correct- 
ness. Its weak links are tbe unverified asHumptions of as initial uui' 
form temi>eratnre and a constant difi'uBiTity. Very likely these are 
approximations, but of what order we can not decide. Furthermore, 
if we accept the hypothesis the odds appear to be against the present 
attainment of trustworthy nnmerical reanltii, since the data for calcu- 
lation obtained mostly from observations on continental areas are for 
too meagre to give satisfactory average values (or the entire mass of 
the earth. In short, this phase of the case seems to stand about 
where it did twenty years ago, when Huxley warned us that the per- 
fection of our mathematical mill is no guaranty of tbe quality of the 
grist, adding that, "as the grandeat mill will not extract wheat-fiour 
from peas-cods, so pages of formnlte will not get a definite result out 
of loose data." 

When we pass from the restricted domain of quantitative results 
concerning geologic time to the freer domain of qualitative results of a 
general character, the contractional theory of the earth may be said to 
still lead all others, though it seems destined to reqnire more or leas 
modification, if not to be relegated to a place of secondary importance. 
Old as is the notion that the great surface irregularities of the earth 
are but the outward evidence of a crumpling crust, it is only recently 
that this notion has been subjected to mathematical analysis on any- 
thing like a rational basis. About three years ago Mr. T. Mellard 
Keade announced the^octrine that the earth's crust, from tbe joint 
effect of its heat and gravitation, should behave in a way somewhat 
analagouB to a bent beam, and should possess at a certain depth a 
"level of no strain," corresponding to the neutral surface in a beam. 
Above the level of no strain, according to this doctrine, the strata will 
be subjected to compression, and will undergo crumpling, while below 
that level the tendency of the strata to crack and part ia overcome by 
pressure which produces what Reade calls "compressive extension," 
thus keeping the nucleus compact and continuous. A little later the 
same idea was worked out independently by Mr. Charles Davison, 
and it boa since received elaborate mathematical treatment at the 
hands of Darwin, Fisher, and others. The doctrine requires (or ita 
application a competent theory of cooling, and hence can not be 
depended on at present to give anything better than a general idea of 



,y Google 



280 Mathematical Theories of the Earth. — Woodward. 

the mechanics of cmmplmg and a roogh astimate of the mi^Ditndes 
of the resulting effects. Using Tliomson's hypothesis, it appears that 
the Btratam of no strain moves downward from the surface of the 
earth at a nearly constant rate during the earlier stipes of cooling, 
but more slowly during tat«r stages. Ite depth iB independent of the 
initial temperature of the earth ; and it we adopt Thompson's value of 
the diffuaivity, it will be about two and a third miles below the surface 
in a haodred million years from the beginning of cooling and a little 
more than fourteen miles below the surface in seven hundred million 
years. The most important inference' from this theory is that the 
geological effects of secular cooling will be confined for a very long 
time to a comparatively thin crust. Thus, if the earth is a hundred 
million years old, crumpling should not extend much deeper than 
two miles. A test to which the theory has been subjected, and one 
which some consider crncial against it, is the volumetric amount of 
crumpling shown by the earth at the present time. This is a difficult 
quantity to estimate, but it appears to be much greater than the theory 
alone can account for. 

The opponents ot the contractional theory of the earth, believing it 
quantitatively insufficient, have recently revived and elaborated an 
idea first suggested by Babbage and Herschel in explanation of the 
greater folds and movements of the crust. This idea figures the crust 
08 being in a state bordering on hydrostatic equilibrium, which can- 
not be greatly disturbed without a readjustment and consequent move- 
ment of the masses involved. According to this view, the transfer of 
any considerable load from one area to another Is followed sooner or 
later by a depression over the loaded area and a corresponding eleva- 
tion over the unloaded one ; and in a general way it is inferred ihat 
the elevation of continental areas tends to keep pace with erosion. 
The process by which this balance is maintained has been called 
"isostacy," and the crust ia said to be in an iaostatic state. The dyna- 
mics of the superficial strata with the attendant phenomena of folding 
and faulting, are thus referred to gravitation alone, or to gravitation 
ami whatever opposing force the rigidity of the strata may offer. In a 
mathematical sense, however, the theory of isostacy is in a less satis- 
factory state than the theory oF contraction. As yet we can see only 
that isostacy is an efficient cause if once set in action ; but how it is 
Started and to what extent it is adequate remains to be determined. 
Moreover isostacy alone does not seem to meet the requixementa of 
geological continuity, for it tends rapidly towards stable equilibrium, 
and the i^rust ought therefore to reach a state of repose early in geologic 
time. But there is no evidence that such a stato has been attained, 
and but little if any evidence of diminished activity in cruelal move- 
ment during recent geologic time. Hence we infer that isostacy is 
competent only on the supposition that it is icept in action by some 
other cause tendingconatantly to disturb the equilibrium which would 
otherwise result. Sucb a cause is found in secular contraction, and it 
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JB not improbable that these two seemingly divergent theories are 
really sapplementary. 

Closely related to the queationa of secular contractioo and the 
mechanicB of crust movements are those vexed questions of earth- 
qaakee, volcanism, the liquidity or lolidity of the interior, and the 
rigidity of the earth's mass as a whole, — all questions of the greatest 
interest but still lingering on the battleflelda of scientific opinion. 
Manyof the "thrice slain" combatants in these contests would fala 
risk being slain again ; and whether our foundation be liquid or solid, 
or to speak more preciaely, vrbether the earth may not be at once 
highly plastic under the action of long continued forces and highly 
rigid under the action of periodic forces of short period, it is pretty 
certain that some years muat elapse before the arguments will be con- 
vincing to all concerned. The difficulties appear t« be due princi- 
pally to onr profound ignorance of the properties of matter subject to 
the joint action of great pressure and great beat. The conditions 
which exists few miles beneath tbe surface of the earth are quite 
beyond the reach of laboratory teate as hitherto developed, but it is 
not clear how our knowledge is to be improved without resort to 
experiments of a scale in some degree comparable with the facts to be 
explained. In the mean time, therefore, we may expect to go on 
theorizing, adding to the long list of dead theories which mark tbe 
progress of scientific thought, with the hope of attaining the tratb not 
so much by direct discovery as by the laborious process of eliminating 

When we take a mote comprehensive view of the problems pre- 
sented by the earth, and look for light on their solution in theories of 
cosmogony, the difficulties which beset us are no less numerous and 
formidable than those encourtered along special lines of attack. 
Much progress has recently been made, however, in the elaboration 
of such theories. Boche, Darwin, and others have done much to re- 
move the nebulosity of Laplace's nebular hypothesis. Poincar^ and 
Darwin have gone far towards bridging the gaps which have long ren- 
dered the theory of rotating fluid masses incomplete. Poincarg has 
in fact shown us how a homogeneous rotating mass might, through 
loss of best and consequent contraction, pass from tbe splieroidal form 
to the Jacobian ellipsoidal form, and thence, by reason of its increas- 
ing speed of rotation, separate into two unequal masses. Darwin, 
starting with a swarm of meteorites and gravitation as a basis, has 
reached many interesting and instructive results in tbe endeavor to 
trace out the laws of evolution of a planetary Bvstem. But notwith- 
standing the splendid researches of these and other investigators in 
this field, it must be said that tbe real case of the solar system, of tbe 
earth and moon, still defies analysis ; and that the mechanics of tbe 
segregation of a planet from the sun or of a satellite from a planet, if 
such an event has ever happened, or of the mechanics of the evolution 
of a solar system from a swarm of meteorites, are still far from being 
clearly made out. 
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Time do«s not permit me to make anything but the briefest alloeion 
to the comparatively new science of mathematical meteorology, wiLh 
its already conaiderable list of well-defined theories preaainx for 
acceptance or rejection. Nor need I say more with reference to thi>se 
older mathematical quesUona of the tides and terrestrial magnetism 
than that they are still ansettled. These and many other qnestions, 
old and new, might serve equally well to illustrate the principal fact 
this address has been designed to emphasize, namely, that the mathe- 
matical theories of the earth already advanced and elaborated are b; 
no means complete, and that do mathematical Alexander need yet 
pine for other worlds to conquer. 

Speculations concerning the course and progress of science are 
usually untrustworthy if not altogether fallacious. Bnt, being dele* 
gated fertile hour to speak to and for mathematicians and astrono* 
men), it may be permissible to offer, in closing, a single suggestion, 
which will perhaps help us to orient ourselves aright in our variotis 
fields of research. If the curve ot scientific progress in any domain of 
thought could he drawn, there is every reason to believe that it would 
exhibit conaiderable irregularities. There would be marked maxima 
and minima in its genera! tendency towards the limit ot perfect 
knowledge ; and it seems not improbable that the curve would show 
throughout some portions of its length a more or less definitely peri- 
odic succession of maxima and minima. Races and communitaes as 
well as individuals,', the armies in pursuit of truth as well as those 
in pursuit of plunder, have their periods of culminating activity and 
their periods of placid repose. It is a curious fact that the history of 
the mathematical theories of the earth presents some such periodicity. 
We have the marked maximum of the epoch of Newton near the end 
of the seventeenth century, with the equally marked maximum of the 
epoch of Laplace nest the end of the eighteenth centuly ; and judging 
from the recent revival of geodesy and astronomy in Europe, and 
from the well-nigh general activity in mathematical and geological re- 
search, we may hope if not expect that the end of the present centnry 
will signalize a simitar epoch of productive activity. The minima peri- 
ods which followed the of epochs Newton and Laplace are less defi- 
nitely marked but not less noteworthy and instructive. They were 
not periods of placid repose ; to find such one must go hack into the 
night ot the middle agcB ; hut they were periods of greatly dimished 
energy, periods during which those who kept alive the spirit of inves- 
tigation were almost as conspicuous tor their isolation as for their 
distinguished abilities. Many causes, of course, contributed to pro- 
duce these minima periods, and it would be an interesting study in 
philosophic history to trace out the tendency and effect of each cause. 
It is desired here, however, to call attention to only one cause which 
contributed to the somewhat general apathy of the periods mentioned, 
and which always threatens to dampen the ardor of research immed- 
iately after the attainment of any marked success or advance. I refer 
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to the impreBBioD of contentment with and scqaieecence in tiie reeults 
of science, which Beems to find easy acceeB to trained as well as un- 
trained minds before an investigation is half completed or even fairly 
began. That some Buch tacit persuasion of the completeneBS of the 
knowledge ol the earth haa attimea pervaded scientific thought, there 
con be no doabt. Thia was notably the ca«e during the period which 
followed the remarkable epoch of Laplace. The profound impresBion 
of the sufficiency of the brilHant discoTeries and advaucea of that 
epoch is aptly deacribed by Carlyle, in the half humorouB, half sar- 
castic tangnage of Sartor Reaartui. "Our Theory of Gravitation," he 
Bays, "is as good as perfect: Lagrange, it is well known, has proved 
that the Planetary System, on thia scheme, will endure forever; La- 
place, still more cunningly, even gueases that it could not have been 
made on any other scheme. Whereby, at least, our nautical Logbooks 
can he better kept ; and water transport ot all kinds has grown more 
commodious. Of Geology and Geognosy we know enough ; what with 
the labors of our Werners and Huttone, what with the ardent genius 
of their disciples, it haa come about that now, to many a Royal Soci- 
ety, the creation of a World ia little more myaterioua than the cooking 
ofadumpling; concerning which last, indeed, there have been minds 
to whom the question, Hovi the applet vere got in, presented difficul- 
ties." This was written nearly sixty years ago, about the time that 
the sage of Ecclefechan abandoned his mathematics and astronomy 
for literature to become the seer of Chelsea, hut the force of its irony 
is still applicable for we have yet to learn essentially, "bow the ap- 
ples were-got in," and what kind they are. 

As to the future, we can only guess, less or more vaguely, from our 
experience in the past and from our knowledge of present needs. 
Though the dawn of that future is certainly not heralded by rosy 
tints of over confldence amongst those acquainted with the difficulties 
to be overcome, the prospect, on the whole, has never been more 
promising. The converging lights of many lines of investigation are 
now brought to bear on the problems presented by our planet. There 
ia ample reason to suppose that our day will witness a fair average of 
those happy accidents in science wliich lead to the discovery of new 
principles and new methods. We have much to expect from the 
elaborate machinery and perfected methods of the older and more 
exact sciences of measuring and weighing— astronomy, geodesy, phys- 
ics and chemiatry. We have more to expect, perhaps, from geology 
and meteorolt^y, with their vast accumulation of facts not yet fully cor- 
related. Much, also may he anticipated from that new astronomy 
which looks for the secrets of the earth's origia and history in nebulous 
masBes or in swarms of meteorites. We have the encouraging stimulue 
of very general and rapidly growing popular concern in the objects of our 
inquiries, and the freest avenues For the dissemination of new informa- 
tion ; so that we may easily gain the advantage oJ a concentration of 
energy without centralization of personal interests. To those, there- 
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fore, who eaa briag ch« pTere-iiu:>iMa 'tf niiiTr m ; 
gtog indiutrj. wtw «aa r^«^ aiu» Aa r^trntwiiiam Smd^Sut at xtpetiX- 
ed failure and the prqapericr 'tf podiai ■»■■■■■ the fldd is aa wide 
^ aa it e-iv was s & S«wbHi ^ Laplace. 



amotJOST at the hich acaooi- 

To arranfe the work in & suule smdv in a hi^ school bo 
that h ahikU smd^fy the d^macd: of th« college profiMSor, who 
look3 Dpoa the high schixiL as » £^cg school for college, uid 
the gzcat ma^ of ih« comtccnitT that thinks the girls mast 
be prep&red for teachinz or clerkships, the bojrs for business, 
■nd a small minority' for co'Iese. is co eaar task. The follow- 
ing ontline of work, freed from the limits of any single text 
book, and havicg as its tell the subject of geology in its 
broadest sense, will serre to ghow the attempted solution of 
the problem as it is in operation in the Englevood (Chicago) 
high school, and may serve in some measure aa a saggestion 
to other workers in other places. It may also show the spec- 
ialist bow the simplest facts, so patent to him, may be adapted 
to the needs of the yoong . 

The first main object is to onderstand the home geology in 
whatever form that may be presented. With as, as long as 
the weather remains fine in the fall and after the frost is oat of 
the groond in the spring, one 'or more ezcaraioDB are mads 
each week in the field. The fint excorsion is generally to the 
shore of lake Michigan. Hitherto the pnpils' minds faave 
been closed to a full realization of the forces of nature in oper- 
ation. That sand is made by the wearing away of pebbles, 
that pebbles have a life history, that saod dunes are made by 
the sand blown up from the beach, are wonderful revelations 
to them. These facts they can see, realize, and believe, and 
come home thinking that geology is the grandest study they 
ever purened. Their enthusiasm might seem remarkable but 
the solution is clear. The field of their other studies has been 
the class room ; now they study the world and their class 
room becomes nature itself. On other excursions, they 
obeerve in the excavations for cellars and at the road cut- 
tings into the surrounding ridges, the stratified sand and 
gravel. These facts lead them to understand the proofs for 
the higher level of lake Michigan in past times. At Stony 
aland, ten miles south of Chicago, they find an anticlinal, 
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glaciated pepplee, bowlder clay and glacial atrise on the 
Niagara bed-rock. These facts, together with the observationB 
on the many bowlders scattered over this region leads them 
on instinctively to the glacial theory as an explanation. The 
Niagara outcrops at south Chicago, eleven miles-south of the 
city, at Bridgeport within the old city limits, at Hawthorne 
five miles west on the Chicago, Burlington & Quincy R.R., at 
Thornton twenty miles south on the Chicago & Eastern Illi- 
nois R.R., and at Joliet, all of which places they visit, collect 
materials for their work and gather the nucleus of many pri- 
vate cabinets. From the bowlders they gather au almost end- 
less supply of specimens for the study of mineralogy and lith- 
ology. At south Chicago they gather Favositee niagarensis, 
Caryoerinua ornatus, Orthoceraa soammoni, Ortkooeras 
annulatum and beautiful samples of pyrites. At Bridgeport, 
the most fruitful field, they get JSucalyptocrinua ckicagoensit, 
E. omatus, E. comutus var. excavatua, Icthyocrinus corhit, 
Amphiccelia nefflecia, Strophomena rhomhoidalis, Olypto- 
erinua omatua, and many other species. At Thornton they 
find Stromatopora concentrica, excellent specimens of geodea, 
and bitumen in abundance. At Joliet they find many speci- 
mens of Calymene niagerenaia. They frequently find rare 
specimens, as Calymene niagarenaia at Stoney island — the 
first I have known to be found there. In fact hardly an excur- 
sion ia made that does not develop some new fact about our 
home geology and their appetite becomes vhetted for more 
discoveries. But the commoner forms, such as I have men- 
tioned, are the only ones that are made the basis of class 
room work and all are expected to find at least one specimen 
of each. 

Before each trip is mode a list of questions and suggestions 
is given the class in order to enable them to observe the geo- 
logical features to be met. After the return as much time is 
taken as is needed for a retrospective view, discueston, and 
explanation of what has been seen. For example : one excur- 
sion is to a part of the ridge, or terrace known as Forest Hills. 
Where the road cuts into the terrace, stratified sand is found 
at the very top. The United States Geodetic Survey gives 
the altitude of Morgan park — which is at about the same level 
— at 84 feet above lake Michigan. Discussion then brings to 
light the facts relative to the former high level of the lake, the 
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discharge of ite waters through the DeBplainee and Illinois 
rivers, the lowering of the lake level and the present topogra- 
phy of Cook county. The principle underlying the Chicf^o 
drainage prohlem is then clearly understood and an eminently 
practical value is given to the study. The missionary 
work done by this one subject ie very great, for the pupils 
invariably instruct their parents who are generally as ill- 
informed as the pupils themselves. 

AVhile the field work is going on, two days of the week are 
devoted to that phase of the work, observation and discussion 
thereon — the remaining three are devoted to a study of min- 
eralogy and lithology. The work is purely experimental, the 
general line of Winchell'a Excursions and Crosby's Common 
Rocks and Minerals being followed. The properties of the 
minerals and the characteristics of the rocks are not learned 
from the book, but from actual teats, and are tabulated for use 
in future investigation. Only those varieties are studied of 
which there are in the school cabinet enough to supply the 
entire class with one or more. The cabinet is somewhat pecu- 
liar in that it has been formed for this particular kind of work. 
It contains few really beautiful specimens and none for show, 
but has fully five hundred specimens of quartz in most of its 
forms, a hundred of the feldspars, an almost equal number of 
the micas, fifty garnets, seventy-five staurotides and others of 
the commoner varieties in almost equal abundance. As soon 
as the pupil acquires a knowledge of a few varieties he is 
required to select these, and give reasons for his selection, from 
a larger number that he has not yet studied. Thus he learns 
to discriminate between what he is sure he knows and what 
he is sure he does not know. Each day he adds to his knowl- 
edge by the study of a new mineral or rock, till finally his 
work consists of identifying a fresh box of assorted specimens 
each day. Soon they become so expert that they can identify 
and describe accurately all the varieties of minerals and rocks 
they will probably ever find and can with some study identify 
new varieties. The limited time — ten months — given to geol- 
ogy demands that the work on minerals and rocks shall stop 
at this point. The sand dunes on the lake shore, the wearing 
away of the crust by the waves, the glaciated surface of the 
bed rock at Stoney island, each starts inquiries upon atmos- 
pheric and aqueous agencies and the Glacial period. Thes« 
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are treated Beparately and topically, not from a single text 
book, for the class has none, but through Teferences to the 
standard works most of which are in the school library, and 
to snch geological reports as we posses, viz. : of Indiana, 
WiBConsin, Ohio, the U. S- government, and sonae of the Illi- 
Dois reports. 

This ends the first great division of the geological year. The 
aim is to begin with the known and observed, going on to the 
unknown and unobserved ; from facta to theories ; it gives 
free scope to the proper use of the imagination by furnishing 
the pupils data from which they may construct new forms and 
conditions ; it teaches them to observe carefully, to reason 
inductively, and, what is of the most consequence, it teaches 
them that geology is not a bookish study, though books are 
profitable, but primarily an out-door study; and by explain- 
ing the geological history of their environment, in a simple 
and conclusive manner, it makes the subject realistic and 
ennobling. 

The next phase is more theoretical — the evolution of the 
solar system. Beginning with the nebulous mass they trace 
out in succession the first rotary motion, the formation of 
rings of planets, of moona, the gradual cooling and the forma- 
tion of the earth as a separate body. Then taking the earth 
as a whole they follow its history through the primeval era, 
the fire-formed crust, till the first land arose. Igneous agen- 
cies are studied in detail at this point. Attention is then 
directed to North America as a whole. Step by step the 
growth of the continent is followed. Geological maps of the 
continent at different epochs, geological sections and maps of 
particular regions are made. This part of the work is done 
slowly and with great care, so as to give the pupils a very 
clear idea of the gradual growth of the continent. Following 
this general view comes a study of the eras individually, their 
rock characteristics and fossil remains; then each era is 
divided into ages and these studied in a eimilar manner ; then 
the periods and groups. It might be supposed that this would 
reault in mere word learning. Such is not the case, however. 
The school cabinet contains samples of rocks and fossils illus- 
trating nearly all the formaiions firom the Laurentian to the 
Tertiary. The Mesozoic, though, is but little touched upon 
compared with the work done on the Palieozoic — an unfortu- 
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nate state of affairs, perbapa, but due to the fact that we have 
very little material from the Meeozoic. When the Hudson 
River group is reached there is material in abundance — a bush- 
el or so of fossils and hand specimens from Richmond, Indi- 
ana. Each pupil then begins the systematic study of palfeon- 
tology with a large box filled with a variety of fossilB repre- 
senting the commoner species. In filling these boxes care is 
taken that each pupil shall receive not merely an assortment 
of species but a dozen or fifteen specimens of each kind. 
These they first arrange in their own way by making piles of 
those that seem to them alike — a method for beginning that 
never fails to arouse their enthusiasm and cultivate their 
power of observation. At first their power to see difference 
and likenesses is very slight. They distinguish between 
Streptelaama comioulum and Strophomena altemata but 
not between S. altemata and any species of StTeptorhynchua. 
Orthia biforata and Rhynchonella copax they separate, but 
Orthis occidentalis, Orthia ainuata and Orthia aiibquadrata 
lie side by side in the same pile ; the coraU are to them abso- 
lutely one species. When they have done all they are able to 
do in this way they are taught to separate the corals from all 
the rest ; then the trilobitee, and generally have nothing left 
but molluscs. These they again separate till they get to the 
genus, species and variety. When at last they get to Stroph- 
omena altemata var. fracta, they know every distinguishing 
feature about it, and the reason for every term that can be 
applied to it correctly. After the work of classification is fin- 
ished they go still farther with a fen e. g. Str^telatma. 
comioulum, Strophomena altemata and Orthia hiforata, 
studying in detail their internal as well as external character- 
istics. Similar work is done with Coal Measure fossils from 
La Salle, Illinois, and would be done with the Niagara fossils 
were it not for the impetuosity of youth, for in their rambles 
they find many Niagara fossils and their zeal is quite hot 
enough for identification at once. Consequently the remains 
in the Niagara are studied at almost all times in the year, 
though in the proper place the study is reviewed. The three 
groups mentioned are studied more carefully than the rest, 
merely because we happen to possess an abundance of material. 
Other groups would do as well. It must not be supposed that 
each point touched upon in this outline is treated exhaustively 
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— that would require a lifetime, but the most salient features 
are, at all times, the only ones noticed, ao that the power to 
expunge becomes quite as useful as the power to ineeii. After 
the different groups are id turn studied the pupil finds himself 
at the point from which he started — the Glacial period. The 
old plan of beginning with the Archean because it was the first 
in point of time has no good reason to sustain it, especially 
if the pupils are immature. The error comes in supposing 
that the order of instruction must coincide with the develop- 
ment in order of time — a supposition to which the most char- 
itable rejoinder is that it is an egregious blunder. The young 
mind must begin with that which can be seen, be handled and 
experienced. The erode materials must be furnished the 
mind else there can be no proper use of the higher fflnctions of 
imagination, reason and judgment. I^ence the practical, also 
the psychological, order is to begin with the home geology, 
then going to the broadest view possible, the nebulous mass 
as a whole, then in tarn, the earth. North America, and the 
particular region in which the study is pnrsued, keeping in 
mind the bearing of each new phase upon evolution and the 
progress of life from Sosodn canadente (if it beaform of life) 
to man as the crowning glory of all. 



THE PHOTOORAPHIC SURVBY OP A STATE. 
Br MoBiTZ FiaoHiB. 

During the progress of the geological survey of a state, a 
large amouDt of material is accumulated which usually serves 
as base for a state museum. Most of our state museums have 
originated in this manner; the very nature of their origin is 
still upon them ; they illustrate the geology and economic re- 
sources of their respective states. 

Such a taQ8«um is of great value ; its collections form a 
library to which resort both investor and man of science for 
accurate and reliable information. 

Now, while the material benefits resulting to a State from its 
museum may be demonstrated in dollars and cents, sud 
museum poBSesses educational possibilities which have but 
rarely been utilised, and when the attempt has been made it 
has resulted io at least partial failure chiefly due to want of a 
natural base and background upon which to organize and 
against which to pUoe the coHectioos. 
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This base Ta man and the laod upon which he dwells, the re- 
ciprocal influence of both, a relation from which sprung all 
civilizations and which with its attendant phenomena might 
well be called cultaral geology. 

To reprseent these relations no art is better qualified in every 
way than that of pHotograpby. Below is given an outline of 
the photographic survey of a state which presents the rela- 
tions stated above in their natural sequence and which, it ie 
hoped, may serve as a guide to thoee interested in such work. 

The photographs intended for museum purposes should all 
be on glass ; and if the process of coloring transparencies of 
which such beautiful examples were shown by the U. S. geo. 
logical survey at the Cincinnati Centennial, can be economi- 
cally employed, a perfect and ideal representation of a com- 
monwealth and all th^ is embraced within its domain, becomes 
a possibility. 

It is evident that the result of such a survey can be utiliEcd 
in a good many ways. For a home or foreign exposition noth- 
ing more desirable could be asked. All the numerous demands 
for accurate illustrations required by the many professions 
and arts of the day can well be sapplied from this source. 
The employment of this material for home decoration is an- 
other possibility. Perfect in color and outline, light and shade, 
these transparencies should replace the sins in color and form 
called chromoB which now "adorn" onr dwellings. 



Physical features Physical features 

due to formative due to destructive 

action of n&ter. actioo of water. 

Virginal surface and the life it sustains. 

lAn?ll"fn,d,-„,. p.rt.i-th.„to. 

Civilized man. 

{Life of the individual. 
Social relations of the individual. 
Individual and his aurroundmgg. 
Individual and his domestic aoimals. 
Individual as a handworker. 
Individual ^ a brainnorker. 

Aggregation of individuals. Commime. 
( Primitive oommnne. 
i Commune and its attributes. 
(Commttne and its social life. 
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Segregation of commnneB. 
Common wealths . 

(Agricaltare. \ , 

ReBonrces, 
Indafltriea. 
Manufsctories. 
Transportation 

In many of our statee man oo v begins to occupy virgin soil ; 
here can be seen the very beginning of civilization ; its gradoal 
development and all its varied phenomena can yet be perman- 
ently fixed and gathered, constituting a treasure the like of 
which is not in poBBession now of either individual or com- 
monwealth. 



BMtd 5«pt. 2, 188S, at tlia TorODlo meetlnji of the Amerlcui AuoclfttlOD 



B7 V. H. WIHCHILL ftnd H. V. WiNcaiU. 

The proper understanding of the limits of this discussion 
requires a brief statement of some recent stratigraphic 
determinations. It is evident that the papers of the late 
Prof. R. D. Irving' and of Prof C. R. Van Hiae,' while in 
the main considering the problem from the point of view of 
the "Huronian," have also embraced in the scope of the phe- 
nomena cited, a group of strata much older, which lie every* 
where' unconformably under the Huronian, and which present 
a series of facta which are distinct from those appertaining to 
the Hnronian as found in the Penokee-Gogebic and Mesabi 
regions. The confounding of two formations, and the placing 
in one category the chemical and structural phenomena that 
are separated into two series by a great time interval, and by 
structnral unconformity, have so complicated the problem 
that hitherto no theory has been found capable of cov- 
ering all the facts. The existence of this widespread uncon- 
formity has been shown In recent reports on the geology of 
the northwest by A. 0. Lswson, A. Winohell, and by the 
writers ; and latterly it was also recognized by Irving (7th An. 

'jlm. Jour. Set. (m.) xzzn. 256. 
*Am. Jour. Sei. (m.) xxxvii. 32. 

'Compare the Beventeeath annual report of the Minnesota survey, 
pp. 42-46. 
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' Rep. U. S. Oeol. Snr.) By Prof.,'Irving, however, there badnot 
been, prioi to bie death, so far as known, any recoQBtniction 
or limitation of his general theory of tbe origin of the iron 
ores. 

It is the purpose of this paper, while not calling in question 
tbe explanation by Irving of tbe origin of tbe ores of tbe 
HuTonian, to show specifically a possible origin for those of 
the Keewatin as they are found in tbe Vermilion range in 
northeastern MinneBota. 

That there is reason to account for the Vermilion ore on a 
different hypothesis from that which may be sufficient for the 
Huronian ore, is evident from a consideration of tbe follow- 
ing differences in the formations: The Huronian strata are 
of fragmental origiu, accumulated by the slow process of sedi- 
mentation and are siliceous ; being banded by lines of depo- 
sition that fade from one sort to auotbei by such insensible 
transitions as can be produced by sucoessive variations in the 
forces of an ordinary sedimentary process. This structure 
not only pervades the rock that embraces the ore, but passes 
into the ore itself. The formation as a whole, and certainly 
the beds that embrace the ore, are made up of secondary 
grains derived from some other formation. In other words it 
is non-crystalline. (Irving, 3rd An. Rep. TJ. S. Geol. Snr. pp. 
157-165 ; 16tb Report, Minnesota survey, p. 39.) 

On tbe other band tbe strata that carry tbe iron ore deposits 
of the Keewatin are,wben not rotted in situ, crystalline or sub- 
crystalline, and do not vary in composition like a sedimentary 
rock. They do not show except very rarely, any transitiona 
between the ore and tbe enclosing rock, and when they do 
show such a mingling the alternations are between two kinds 
of materials, and without intermixture of clayey substancefl. 
Tbe two materials are the ore ittelf and the etnmtry roek. 
But tbe country rock is uniformly constituted of diabaaic 
schist which shows" either its direct origin from eruptive, basic 
lock or its quick distribution and deposition in waters heated 
by volcanicldisturbances ; and but rarely has so muoh inter- 
mingled silica, of secondary sedimentary derivation, as to 
* raise the per cent of silica above the limit of Von Cotta for a 
baaic rock. At points remote from tbe ore lodes the propor- 
tion of silica increases, and it is besides not wholly of tbe 
cbaiacteristic chalcedonic sort that prevails in the ore and in 
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proximity to the ore. But, instead, some part of the ailioa 
found in strata distant from the ore lodea is in the form of 
ronnded grains of vitreous quartz snch as is chemically depos- 
ited in ordinary quartz veins. Besides filica, an aluminous 
element also displays itself in the formation at points removed 
from the mines. 

Another noticeable difference between the Huronian and 
the Keewatin ores consista in the gradual changes that are seen 
to occur in the Keewatin ore as the country rock becomes more 
and more crystalline, masBive and diabasic. In passing east- 
irard from Tower the hematite is seen to give place gradually 
to magnetite, j)an j>af«u, as the green schists assume the char- 
acter of unmodified diabase ; and in the vicinity of Snowbank 
lake the iron ores are magnetic jasperoidlodes embraced in 
such massive diabase,* conforming in general with the strike 
of the rocks of the region, and ttill showing all theirnecessary 
relations to the Keewatin formation. These characters 
are found, not in the lower, often lake-hlled valleys, but on the 
bills at elevations of several hundred feet. No such phenom- 
ena have ever been reported from the Huronian. The erup- 
tive, diabaeic rock of the Huronian mines, either underlies the 
iron-bearing strata unconformably, as described by Dr. 
Rominger, or is in the form of transverse dikes that cross both 
the country rock and the ore beds, as recently described ' by 
Van Hise. 

Not only in respect to age and geological relations do these 
ores differ, but chemically they are quite different. The points 
of dissimilarity stand prominent in making a comparison of 
their impurities. The Keewatin ores contain silica as their 
chief impurity, the amount of phosphorus, determining the 
Bessemer or non-Bessemer grade, not being noticeably differ- 
ent from the Huronian ore. But io respect of other impurities 
the Huronian ores contain about 300 per cent, more manga- 
nese, about 400per cent, more sulphur, about 33 per cent, more 
alumina, about 25 per cent, less of magnesia, about 400 per 
cent- more lime, and about 400 per cent, more water.' The 
Huronian ore is generally soft, and sometimes is a limonite 
passing to siderite. The Keewatin ore is hard, never limonitic, 
and has not been known to contain any carbonate of iron. 
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The objectioQB to the eruptive hypotheeiB of Foster and 
Whitney, lately revived by Dr. Wadsworth, have been stated 
in the fifteenth report of the Minnesota sUTvey, and it is not 
necessary to dwell on them here. The extreme length to 
which Dr. Wadsworth is carried by his predilections foremptive 
agencies is seen in his arguing ' that the quartzyte at Republic 
mountain is eruptive. One of the chief obstacles to this theo- 
ry IB the novelty of the proposition to enclose fused silica ia 
the same mass with crystalline hematite and require them to 
cool without chemical union, the former retaining an amor- 
phous state and the latter not losing its crystalline structure. 
Another obstacle is the plainly sedimentary handing that the 
ore presents — i. e. the jaapilyte — which is unlike any structure 
known to result from the cooling of molten rock, and which 
unmistakably reveals the action of water in the formation of 
long parallel bands or strata. 

The difficulties in applying the theory' of Irving, i. e. the 
metasomatic aubstitution of oxides of iron for some preexist- 
ing carbonate, appear when we search for the remains of the 
supposed older carbonate, and when we find the country rock 
does not afford good reason to have expected the deposition of 
any carbonate ; and also when we search for the remaining 
ingredients which the assumed metasomatic process may hare 
left in the ore. In short, the whole mass of geological and 
mineralogical environment, as seen in the Huronian rocks, is 
at variance with that seen in the Keewatin, and precludes the 
hypotheais that ordinary chemical aubstitution will account 
for the chalcedonic silica and the hematite of the jaspilyte 
lodes. 

But that chemical processes played a prominent if not a prin- 
cipal part in the formation of the jaspilyte, and in the meta- 
morphism of the strata of all the Archean, there is no dispo- 
sition to call in question.' It is here appealed to as the prime 
agent in giving origin to the chalcedonic silica and the iron 
ore of the jaapilyte. 

In order that the physical circumstances which obtained 
during the age of the crystalline and sub-crystalline schists, 

* These results are baaed on average analyses for 1888, published by 
Pickands, Mather & Co., derived from several thonBond aseayi. 

' Notes on the Geology of the Iron and Copper districts. Bvl. Mut, 
Corap. Zool.., Geol. ser. vol. i. p. 54. 

"A. Winchell. Fifteenth Eeport Mirmetota twrvey. p. 196. 
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i. e. dnriDg the ^e of the Vflrmilion and of the Keewatin, may 
be fairly apprehended, and brought to hear upon this inquiry, 
it will be necesaary to mention some inferences that have 
recently been wrought out by the study of the Archean.* 

It has been stated repeatedly by O. M. Dawson," by A. C. 
LawBon" and by the writers," that the rocks of the Keewatin 
ooneietvery largely of volcanio ejectamenta. These ejectamenta 
were received in oceanic waters. The volcanoes themselves 
were mainly sub-marine, and the products of any intervening 
stage of sedimentary quiet were buried under the lavas of the 
nextquickly succeeding stage of eruption. Whether this erup- 
tive age was world-wide, in its production of this kind of basic 
schist, as seems very likely, it is not necessary here to inquire ; 
bat that it was one of long duration, and prevailed in all of 
northeastern Minnesota wherever this rock horizon has been 
examined, and extended into Manitoba, there is no longer any 
room to doubt. It is therefore necessary to inquire how such 
products as ohalcedonic silica and hematite could have been 
formed in a sea that was at times seething and steaming with 
volcanic craters and earth fissures from which escaped molten 
rock from below the thin crust. That thia chalcedonic 
silica, involved closely with interbanded hematite, and grad- 
ing to hematite by insensible variations in the amount of iron 
present, was received in water and distributed by water is 
indicated not only by the stratiform arrangement, but also by 
the presence, occasionally but very rarely, of rounded grains 
of other silica, not chalcedonic, some of them being a quarter 
of an inch in diameter, embraced in the general mass of the 
jaspiiyte, and sometimes forming more or less distinct bands 
or pebbly patches in the jaspiiyte, approximately parallel with 
the general strike. This fact efTectually vetoes the eruptive 
theory, and demonstrates that there was no exception in favor 
of that theory so as to produce a structure characteristic of 
sedimentation, through the agency of molten acid lava flows. 

When the character of some of the narrow bands of pure 



' Sevenltetith Annual reptrt Minnetola iurvty. pp. 
'" Geology and RetouTeet of the 49lhparalUl. 1875. 
" Geology of the Lake of Ike Woodi. Can. Survey 1 



" I^fUenth Report, Minruiota lun-ey. 1886. p. 221; Sixteenth Seporl, 
p. 106 ; Seventeenth Report, p. 37 ; Am. Gbolooibt, Jan. 1889. vol. ill. 
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white &nd translucent, silica ia duly coDSidered, and it is com- 
pftnd with the known product of eAemical precipitation from 
ailiceouB waters, the idea of chemical precipitation is forcibly 
presented as the possible origin for the chalcedooic silica of 
th&jftBpilyte. There is no way known in nature for the for- 
n^Mtion of chalcedonic Bilica except chemical deposition. Ilie 
difierent bands of the jaspilyte, varying in color from whit« to 
rad, brown and sometimes nearly black, are all formed by the 
varying proportions of hematite and silica. Ordinary sedi- 
mentary action could not select from the products of erosion 
simply two subatancea and unite them in characteristic strata, 
when the ocean's waters must have been heavy with suspended 
matter of many different kinds. Some selective, discrimi- 
nating force was at work which was able to abstract silica, or 
silica and iron oxide, from the water, and reject all the rest. 

In the light of what haa already been aaid regarding the 
nature of the schists enclosing the ore masses, it is plain that 
the waters of the Ksewatin ocean were constantly agitated by 
volcanic eruptions. It is also plain that they must have been 
hot, and in some places, or af(ei irregular intervals of time, 
they must have been probably evaporated, and at other timea 
suddenly cooled. The earth's crust was thin and easily rent, 
and the contact of water and molten rock was frequent. 'Hie 
waters became alkaline by solution, from the lavas, ofthe mag- 
nesia, potash and soda, and other alkaline elements. In this 
condition it would also become surcharged with soluble silica 
and iron, obtaining the latter from the augitic minerala of the 
basic lavaa, and possibly from masses of erupted metallic iron. 
Indeed the ocean was a hot, compound decoction of all the 
nunerals that could be dissolved from the eruptive diabases ; 
and of those minerals there waa no exception. 

Under such circumstances it requires no extensive research 
nor chemical foreknowledge to predict what would be the 
result whenever the equilibrium of super-heated and super- 
saturated oceanic water was disturbed. Something would be 
precipitated. Would it be silica and ferric oxide? 

On this point Hunt says : " "The atmosphere, charged with 
acid gases which surrounded this primitive rock, must hare 

" T. Sltrry Hunt, Tht cliemittry of the primeval earth. Am. Jovr. Sci. 
Jan. 1858. Snitkioniaa Report, 1S69, p. 1S9. Chemical »nA Geological 

Euayt, 1878, p. 40. 
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b«an of uumen&e density. Under the pressure of such a high . 
barometric column condensation would take place at a tem- 
peratun much above the present boiling point of water ; and 
the depressed portions of the half-cooled crust would be 
flooded with a highly heated solution of hydrochloric and sul- 
phuric acids, whose action 1b decomposing the silicates is eas- 
ily intelligible to the chemist. The formation of chlorides and 
salpbates of the various bases and the ae^aration of ailiea 
would go on until the affinities of the acids werQ satisfied, and 
thtre would be a a^aration of ailiea taking the form, of 
quartz, and the production of a sea water, holding in solution, 
besides the chlorides and sulphates of sodium, calcium and 
magneaium, salta of aluminum and other metallic bases. * * 
* * Quartz has not only never been met with as a result of 
igne»U8 fusion, but it is clearly shown by the experiments of 
Rose, that a heat even much less than that required for the 
fusion of quartz destroys it, changing it into a new substance 
wAich differs both in chemical and physical properties from 
quartz. * * • Xhe first precipitates from the waters of 
the primeral sea must have contained oxidized compounds of 
most of the heavy metals. The large amounts of silica 
centsined in solution in the waters of some thermal springs 
and of many rivers, are separated when these waters are 
exposed to spontaneous evaporation, partly as silicstea of 
lime and magnesia, and partly in the forms of crystallized 
qnartz, bornstone and opal. In many difiierent formations, 
beds are met with composed entirely of crystallized grains of 
quartz which have apparently been deposited from solution. 
In other sediments this element abounds in the form of grains 
of chalcedony, or as amorphous soluble silica. The beds and 
masses of chert, flint, homstone, buhrstone, and many jaspers, 
have all apparently been deposited from aqueous solutions." '* 

Prof. A. Wincbell thus refers to this primeval ocean and the 
precipitation of silica :" "The liberated silica would separate 
and would be chemically precipitated during the subsequent 
cooling of the waters, and would thus give rise to the enor- 
mous beds of quartz which we actually find among the very 
oldest strata." 

Concerning the similar production of beds of iron oxide, 
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Hunt states:" "Those chemical compouDds which were 
moBt stable at the elevated temperature then prevailing would 
be first formed. Thas, for example, while compoUDds of oxy- 
gen with mercury, or even with hydrogen, could not exist, 
oxides of silicon, aluminum, calcium, magneeium and iron, 
might he formed. • • • • All the elements, with the 
exception of the nohle metals, nitrogen, chlorine, the lelated 
haloids, and the hydrogen combined with these, would be 
united with oxygen. The volatiHty of gold, silvei and plati- 
num would keep them still in a gaseous condition at temper* 
atnres where sUicou, and with it the baser metals, were precip- 
itated in the form of oxides." 

These quotations might be multipUed. The formation of 
siliceous and irony deposits from oceanic waters is referred to 
by Guatav Bischoff," J. W. Dawson " and by nearly all geolo- 
gists who have written of the chemical reactions of the prime- 
val ocean. Much speculative literature has been published 
relating to the early co-relations of the consolidating crust, the 
heated interior and the enveloping atmosphere of the earth. 
But very often no actual account has been taken of these theo- 
ries in the practical work of the field-geologist. The drama 
of sedimentation and the erosion of shores and the tran^or- 
tation of material by currents, forming the later strata of the 
super-crust, have been duly investigated, but this theoretical 
age of seething, alkaline, oceanic water, the actual causes that 
produced it, the resultant rock that attests its existence, and 
the position it holds in the strata of the Archfean, have not 
had their analogous demonstration and adequate description 
in geological literature. The writers believe the Keewatin age 
was characterized by these forces and events, and that the 
green schists, whether sericitic, or chloritic, or diabaaic, that 
fundamentally constitute the bulk of its rocks, and the jaspi- 
lyte lodes, exemplify the chemical precipitations and 
mechanical depositions that the theories require. So long as 
the term Huronian was made to cover the actual Huronian 
strata as well as all lower beds down to the Laurentian base, 
it was dilEcult, if not impossible, to invoke world-wide forces 

>'T. Stenj Hunt. Smiihtonian Report, 1869.pp. 1B6, 189. 
^'' Chemical and phytieal geology. (Cavendish Society), vol. I, pp. 
143, 140. 
'■ Qaarl. Jmir'OeoL Sot. vol. v. p. 25. 
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in one portion of the stratificatioD that nullified those that 
were dfemanded to produce the rocke of the other. By the 
separation of the Keewatin from the Haronian, a different set 
of conditions may be relied on, but none other than those 
needed to produce the rocks that are found to compose it. 

It is not the purpose of this paper to explain any of the 
physical conditions of thejaBpUyte,noi of the strata that com- 
pose the bulk of the Keewatin, such as brecciation, folding and 
involute contortion, compression, fracturing and transporta- 
tion of strata once formed, the upheaval and prevailing vertt- 
cality of the beds. These, in the main, must have been pro- 
duced subsequent to the chemical precipitation here appealed 
to to explain their origination, but to a certain extent seem to 
have been cotemporary with the precipitation of the beds 
themselves. But it ie our sole purpose to account for the 
existence of the jaepilyte by some hypothesis consistent with 
known chemical laws, and in accordance with such snrround- 
iogs and physical forces as the nature of the Keewatin rocks 
shows to have obtained at the time of its formation. This 
hypothesis not only is consisteut with these laws and condi- 
tions, but it explains some of the features of the jaspilyte 
which no other theory, so far proposed, will explain. Some 
of these peculiar features may be mentioned, namely: Urat, It 
accounts for the minutely iine structure of the silica, and for 
the uniformity of its granular texture on disintegration; 
second, It accounts for the prevalence of this structure at all 
depths in the earth, wherever the jaspilyte is found to extend ; 
thirds It accounts for the agate-like banding and the minuter 
lamination that characterize the jaspilyte ; fourth. It fur- 
ishes an explanation for the parity of the white chalcedonic 
ribbons, which consist of silica only ; Hfth, It explains the 
te-cementation of some of the thin, brecciated layers by 
material of thesamekindaBthelayeritself; sixth, Itexplains 
the occasional intrusion of rounded grains of non-chalcedonic 
quartz into the mass of chemically precipitated quartz; 
teventh. It explains, lastly, the occasional mingling of chal- 
cedonic silica with the finer elements of the basic schists, 
forming regular sedimentary altemations. 

Summary. All attempts hitherto made to account for the 
existence of the iron ores of the northwest, particularly those 
of Profs. Irving and Van Hise, have confounded the phenom- 
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eas oi two unooafotmable formations that manifeat constantly 
distinct conttastB of Bttatigraphy and lithology. * 

The theory of Foster and Whitney, that these ores are of 
empttye origin, is opposed by chemical laws, and by structural 
pecaliarities that can not be reconciled with it. 

The or«B of the Keewatin are markedly different from those 
of the Huronian in their chemical impurities. 

The theory of metasomatic substitution of iron oxide for 
somecarbonate,while applicable to the ores of the "Huronian" 
OB the south side of lake Superior, cannot be made to account 
for the ores of the Keewatin, becau«e,(l), There is no eridence 
of the existence, at any time, of the necessary earlier carboo- 
ate, and (2J,The nature of the country rock embracing the 
Keewatin ore is such as to imply that no carbonates, in the 
amounts required by the theory, could have been deposited at 
the time the rocks were being formed. There is therefore 
necessity for some other explanation than that applicable to 
the "Huronian" ores. 

Chemical precipitation in hot oceanic waters, united wit^ 
simultaneous sedimentary distribution, might produce the 
Keewatin ores in a manner coneisteat not only with the physi- 
cal conditions that prevailed at the time of their formation, 
and with the structural peculiarities, which they exhibit, but 
also in accordance with the known reaction* of heated alkaline 
waters, and with the chemical character which the ores are 
known to possess. 

University of Minnesota, Avguai, 1889. 



REVIEW OF RECENT GEOLOGICAL LITERATURE 

Solar heat, Qravitation and Sun-tpot*. 3, H. Kbdzir.* Th« satbor'B 
view of the nature and cat^^e of grsTitation is derived directly from 
his theory of Solar heat, as already presented. Without rejecting, or 
even modifying, anything taught by Newton aa to the laws of gravita- 
tion, Mr, Kedzte ofTen a theory as to its cause and its mode of opera- 
tion. Newton did not discover ita cause, nor attempt to explain its 
mode of action, but the great revelation that came to him referred only 

The prevalent conception of gravitation gives every particle of mat- 
ter the power to reach out and draw every other particle toward itaelf. 
Thie idea the author not only questions but denies and disproves, and 

* Bee pp. 181, 246, for other portions of thie review. 
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quotes the authoritr of Newton himself, who denied with empbuie 
the possibilit}' of itny such energy as residing in the particles of mat- 
ter. The tbeoiy of the author ia considered under two heads ; (1) The 
efficient cause of gravitation, and, (2) The mode of its operation. 

The waves of beat that radiate from the sun, and all suns, carried 
through space by the undulations of the universal ether, nndei^o 
ancb modificatioQB that they appear nnder the guises of several spec- 
ialized forms of force ; one of them being mechanical force, or that in- 
finitesimal impact which each particle of each moving wave bestows 
on the particle of utstter with which it comes in contact. This spec, 
ialiiationof the energy that ia carried in the waves of the ether oper- 
ates in all directions and in right lines, witboat interference with it- 
self. They are the impulsas that matter transmits, through the ether, 
to other matter, the beginning of which is coSval with tlie beginning 
of things. Thus while the seat of gravitation is in the ether, the ether 
is only the proximate caase, the transmitting cauae. The cause itself 
is in other matter, but that again acls only as it ia acted npon by other 
ether. Hence the operation is a round, from cause to effect, which 
again become a cause and an effect, and so on ceaselessly. 

As to the mode of action of gravitation — As matter intercepts some 
portion of the impulse of a wave of ether that impinges upon it, ihe 
leeward side of such a mass ia in a ahadow from that amount of im- 
pnlse, and if anothei moss happen to be in the line of that shadow 
it is sheltered on that side. Indeed they mutually shelter each other 
from those impulses that would pass in right lines through kotb. In 
other words the impulses that impinge on their unaheltered sides 
drive them together, and the force with which they approach each 
other is gravitation. £very particle of matter is thus impelled toward 
every other particle by propulsive forces varying directly as the masses 
and inversely as the square of the distance between their centres. 
The machinery of the planetary systems, aa outlined in astronomical 
. mathem^tice, would move on aa smoothly under the sway of a univer- 
sal propulsive force, as of a universal attractive force, and all the laws 
of astronomical physics, so far as they would be needed to maintain 
thennivereal motion, would be ai rigidly observed. "I^t a lai^e 
round table be placed in the middle of a room ; place a wooden globe 
in the centre with any number of equidistant radii composed of rigid 
rods projecting from its eqnator. Station around it an equal number 
of boys, of exactly equal strength, one to each rod. No matter wheth- 
they all pnah or pull, the pnehes or pulls will neutralize each other, 
and the globe will remain unmoved. But this is not the case with the 
earth. She is alowly, compared with her onward motion, falling 
toward the sun. • • • • If we suppose the boys to be pushing on 
this wooden globe, we must, to adapt the comparison to the case in 
bond, withdraw one of the boya, say from the south side of the table, 
then if all the remaining boys push with equal force, the glebe will 
slowly move toward the aide of the table where the resistance is the 
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smftUeat." This illuat»tes the tendeocy of the euth toward the enn, 
the bo J withdrawn from the south side comparins to the ether wavea 
of mechanical force intercepted from the earth by the bud. No account 
is taken here, of course, of the tangential force which maintaina the 
earth in its orbit, aud prevents its flight direct to the eon. But it is 
obvious that when a sufflcient number of other planets and suns, each 
intercepting waves of mechanical force that pass through the celestui 
spaces, are adjusted in proper relations about the earth when it starts 
on its journey direct to the sun, its path would be so modified that the 
endless circle oC its orbit would be the result. 

Xhe author, by various illustratioiks, shows this theory is sustained 
by astrononucal at^uments, and by the demands of the law of correla- 
tion and conservation of energy, and then enters upon a comparison 
of gravitation with light and heat. He notes first five resemblances, 

1. Light is unquestionably a vibration or quivering of the universal 
ether. Gravitation most necessarily act through the same medium, 
from sheer want of any other, and just as necessarily by means of 
vibrations, as the ether can not act by actual transference of its sub- 

2. Light diminishes in intensity as the square of the distance in- 
creases. Gravitation does the same, but with a marked distinction. 

3. Both light and gravitation are r^arded by all as emanating in 
their incipiency from ordinary matter. 

4. The combined force of light and heat, and the force of gravitation, 
are both forms of energy convertible in turn into all the others. 

5. These two forms of energy, like all other forms, are subject to 
the laws of conservation and correlation. 

These resemblances justify a suspicion at least of a closer relation 
than has hitherto been accorded them. Notable contrasts are as fol- 

1. Gravitation acts as powerfully at the poles as at the equator. 
Not so light and heat. 

2. Light diminishes as the sqaare of the distance increases, only 
pet unit of area, and not at all in quantity. It is spread out thinner, 
but it is not lost, and could all be recoocentrated by a convex lens. 
Not so gravitation. 

3. Light at any distance from a luminous body can neither be in- 
creased or diminished in quantity, but only dispersed bjr divergence, 
and is strictly limited in amount. Not so gravitation; for gravitation 
is practically infinite. It handles Jupitor as easily as the earth or as 
any of the aBl«roids. It is everywhere, and in sufficient force to do 
any work required of it. 

4. Heat penetrates, as beat, but a comparatively short distance in 
the inter-stellar spaces. Even as light it fades out, when the distance 
is great enoi^. Not so gravitation, for the emanations from the fixed 
■tars, which are infinite in number, penetrate to the earth as cold 
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waves of gravitation, whereas if those eman&tioaB bad remained 
unchanged, their jnunberi wonld be enfficient to flood the earth with 
ineaSerable light and heat. 

5. We reckon the dispereion and divergence of light and heat from 
some point on the soriace of the InminoaB body, hat we reckon gravi- 
tation from the center of the maaa. These resemblances and contrasta 
ore all beautifnll)' accounted for on the supposition, as required by the 
author's theory, that the undulations that produce light and heat are 
ouluard, /rom the tun, and those that prodnce the resultant motion we 
call gravitation an inviard toward the «un, the latter originating from 
the surrounding spheres, infinite in number and infinite in their power, 
sufficient to cope with any mass they may encounter, although start- 
ing from their sources as highly laminiferous and thermaniferoua, 
perhaps, as those that issue from our sun. 

SlTueturet el Claitification dci Eochei eruptivet. Far A. Michel L^vy, 
Paris, 1889. 8vo. pp. 96. 

This memoir is, in effect, a detaiied review of the second edition of 
RosenbuBCh's SfUcTOikopitcke Pkytiographie der mauigen Gttttiae, It 
bears the impress of a master hand. American students have been 
drawn to the study of the German experts in modern petrography, 
and to a large extent, have become partisans of the German school. 
Among the Germans, Roaenbusch seems to be conceded the flrst place, 
and it is impossible to deny that bis great work embodies a vast 
amotint of compilation and original research. It will be useful how. 
ever, to bear in mind the fact that the splendid quarto Tolomes of MM. 
Fouqu£ and L£vy appeared in 1879, and that the resulta which that 
work embodies began to see the light as early as 1B74. The first edi- 
tion of Rosenbnsch appeared from 1873 to 1877 ; but the second edition, 
which has inangnrated the revolution in petrography, dates from 1887. 
Not only is this priority of publication due to MM. Fouqa^ and L^vy, 
but the student of their writings will discover valid grounds for H. 
Levy's claims as set forth in this review, to priority of conceptions and 
of terms. 

To illustrate the case, we may introduce a few specifications : Roa- 
enbusch's distinction of rocks into JwlocTyitalline and hypocryttaUine 
corresponds very nearly to Levy's distinction into granitoid and trachy- 
toid {aT porphyric). This conception was announced by Bosenbusch 
only in his new edition, but by Uvy it was announced in 1874, and 
again In 187S. The mxerogranulitet of Fouqu^ and IAyj presenting 
pass^es to a granitic structure, hut without the habit of granites, 
have been renamed mierogranitet by Roaenbusch, though referred to 
hie group of qKartx-porpkyriei. The term petrotilex, oa used by authors, 
is changed by Rosenbuacb into mierofehitt. Vogelsang bad denomi- 
nated as granoph-yret.thoee quarts poryphyries with a granular magma, 
as feltophryet, thoae with a petrosiliceous m^:ma, and as vitrophyret, 
those with a vitreous magma ; bnt RosenbuMb changes the term graa- 
ophyre from its original signiflcation by embracing under it the tbroe 
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petrc^rapliic forma of Vogeleang, and thna displacing Levy's mieropeff- 
matile, which htta preciieljt the same meaDing. Again, profeaaor Ros- 
enbuscb recapitolatee the atructures of pal eeo volcanic roc^B aS hftliitt 
habit, a. porphyTitie habit, xaA A doUritie habit; these are precisely the 
characters espreeeed by H. L4vy in the phrases »(n«(ure» ofacidrockt, 
ttruclurei mierolitie, and ttrttcturet ophitic. 

Snch is the nature of M. Levy's indictment for changes of nomen- 
clsture. In our judgment, very many of Bosenbuach's terms are h^>- 
pily chosen and exprcBsive. Nest in honor to him who gives exist- 
ence to a new conception is he who gives it to the world in fit phrase. 
M. I^vy would nndoubtadly recognize the superior fitneas of many of 
Rosenbuach's terms ; but there is ground for complaint when a change 
of terms bringe no gain in brevity or elegance, or truthfulness, bat 
simply bequeathes synonymjr and perplexity to hinder the progress 
of the learner. 

More important are M. Levy's criticisms of the subject matter of profes- 
sor Rosenbuach' a work. In reference to the doctrine that the holocrys- 
talline rocks have but one period of consolidation, he aays : "We know 
of but a single series where the two periods do not exist ; that is the 
Bsccharoidal grannlitee (structure mierolitie of U. Roaenbnsch, in 
which all the elements have proper crystalline forms (idiomoTph, pan- 
idiomorph) and date from the aecond period, the first making almost 
complete default." He ahowa, also, that moat of the idiomorphic 
rocks are not strictly as deacribed. Depth is only one of the factors 
determining the cryatalline alate of a rock. "Minerallzera" often 
play a preponderating rOle in the atructures of acid rocks. Rocks of 
deep origin may present a porpbyroid structure in certain special cir< 
cumetances where the factors of crystallinity abruptly diminish. Even 
granitoid rocks may have had two periods of crystallization, though 
the producta differ little in crystalline dimensions. In the view of H. 
Rosenbuach, there exist a great number of gabbros and diabases in 
the effusive or bedded condition. But in one part of hia work he 
makes the statement that the gabbros with granular structure are the 
intratelluric form, the diabases with ophitic structure, the intruiive 
form ; the augite-porphy rites and the melaphyre or basalts, with mi- 
erolitie structure are the bedded and veined forms of one and the same 
m^ma; while, by reading attentively almost any of hia chapters, we 
meet with all theae structures and all these passages in terranea the 
most diverse. The explanation of this state of thinga ia afforded by 
Qie experiments of MM. Fonqu^ and L^vy, who have reproduced all 
these stroctures by artificial fusion, and by baking more or less pro- 
longed in one or two periods. With these and other conaiderationa, 
itisargned that the division of "rocks of deep origin" is artificial. 

More artificial is the division of intrusive rocks. Take the family of 
lampropksfe*- Fetrographically, they distribute themaelves over 
the entire series, from microgranaUtea slightly baaic, to and 
iaclnding melaphyrs, embracing micaceous, amphibolic and pyr- 
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ojceoic porjthyritea. Roaenbosch characterizefl the family simply by 
the abandonee of large ferruginous and magnealan crystals of the first 
period of consolidation. But M. L^vy claims to have been able tu 
identify the greater part of the rocks described by Kosenbusch under 
the name of lamprophyrea, with a rich French series comprising ker- 
santites, dioritines, basanites and fraidronites — the trap^ of the old 
authors. 

Further, in many a formation we perceive these intrusive rocks to 
correspond with flows or incontestable protrusions. It would have 
seemed logical to remove the lamprophyreS from the intrusive rocks to 
class them with effusive rocks. Professor Ropenbuach prefers _to 
range a part of our French rocks in his lempropliyres of intrusive 
strocture, and to scatter the others through all the chapters Jevoted 
to Pretertiary effuaivex. 

Ir discussing Rosenhusch's views of the structures of acid eruptive 
rocks, M.L^vy notes that the former regardamuscoviteaa in part, consol- 
idated before the feldspars, but he attributes a secondary character to 
very recent white mica. The writer holds the greater part, even iif the 
primordial muscovite, to be of consolidation posterior to the quarti!. 

M. Lfvy'a criticisms of Rosenhusch's doctrine of rock structures ex- 
tend to many particulars, but it is not necessary to ilhistrate further. 
He gives convenient tables for comparison of his classiflc.ition of strnc- 
tures with that of Rosenbusch. These are followed by an exposition 
of what is known respecting the relations which exist between the 
structure, the mode of formation (.giumenV) ami the geologii' age of 
rocks. Tlie examination is then carried into the mineraloaical compo- 
sition of rocks, and the oriler of consolidation of their principal ele- 
ments, considered In reference to a rational clsssitication , lie cites 
RosenbuBch's two principles toucliing onler of consolidation, andmnin- 
tains that they are untenable as general laws. They apply sufTicieutly 
well to granites, syenitea and a part of the gnbbros. liut they fail en- 
tirely in the jMbbros of ophitic wtructure, in the greater part of the 
diorites and the n*liolc of one important class of diabnses. In fa<'t, the 
experiments of MM. Foui[U^ and Lf vy demonstrate that for the great- 
er part of the rock-making minerals, the order of consolidation is the 
inverse order of fusibility, while some of them are real chemical pre- 
cipatioDH taking place during the period of crystallization. 

M, Lf vy maintains with apparent reason that the claasificatiou pro- 
posed by himself and 51, Fouqu(^ is founded on broailer principles than 
thatof RosenbiiBCh. The fundamental principle is that of the order 
of consolidation of all the rock-elements, both those of the first and 
those of the second consolidation. The concise exposition here given 
is prepossessing ; while the principles of classification employed in the 
school of Rosenbusch are subjected to effective criticism, with which 
American petrographers ought at least to acquaint themselves. Com- 
parative tables of the two classifications are presented. In another 
chapter we have the resnltH of a more particiilar study of the siibdi- 
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vieioiiB propoaed by Roeenbusch, followed by an extended tftble, giviag 
in condeneed form, the eubdivisions of Bosenbusch, the structures ob* 
served, the order of consolidation of the constituent elements, and the 
equivalent names of Fouqa€ and L^vy. At the end is a table giring 
the correspondence of the granitoid and trachytoid or porpbyric rocks, 
according to the classification of MM. Fouqn^ and L^vy, with the cor- 
responding names of Eosenbusch. The dominant idea of Professor 
Rosenhosch has been, according to M. Uvy, to constitate natnr»l 
gronps both petrographic and geologic. He has thus eubatitnted the 
notion of mode of formation {mode de fttemtnt') for the more poaitive 
and more relevant datum of structure. It is thus that across his three 
grand subdivisions of mode of formation — depth, dikes andefiiisives, he 
has Bought to group, not associations chemically or mineralogic&lly 
aaalogons, but those which he believed derived from each other by 
way of ramiflcatioDB. It ia a classiflcation based on hypotheses, and 
in its ultimate consequences is not followed «ut by its author himself. 
The founders of the French school deem it necessary to base their 
claaaification and comenclatare of the rocks on facts, independent of 
every hypothesis, and positive in their nature. Modern petrography, 
they say, employs means sufficient for attaining this end without hesi- 
tation. There is general accord in reference to the principal stnctnres 
of associations of minerals and rocks ; and we know how to detwmine 
these minerals with precision. It ia therefore exclusively to the struc- 
ture of association, and to mineral composition that they persist in 
addressing themselves in the attempt to classify and name the rooki.* 
SheUh of the Geology of Nete Zealand. By Capt. F. W. Hotton. 
(From the Q. J. G. Soc. London, May, 1883, pp. 191-220.) This mem- 
oir is the only published source of information on all portions of the 
colony of New Zealand. The islands have been stodied for the last 
thirty years. Valuable contributions to their geology have been made 
by Dr. Hochstetter, Dr. Hector and the geological surveys ; but up to 
the date of captain Button's memoir, no one had attempted to describe 
the geology of New Zealand as a whole. Tbe geology of the region is 
remarkably diversifled. Sedimentary rocks of almost all ages are rep- 
resented, from Archsean upward, and all but the lowest have yielded 
fossils. There are metamorphic and eruptive rocks. There are vol- 
canic cones of every magnitude, up to Euap^hn, more than 9000 feet is 
hight, and they are presented in all stages of degradation, from mere 

* The leading authorities of'the French school are as follows: Min- 
fralogie micrographique. Introduction a I'^tude des rocfaes eruptives 
frangaises, par F. Fouqu4 et A. Michel Wvy, 4lo, 2 vols, text and 
plates, Paris, 1ST9. Coure de minSraloffie, par A. de Lappsrent, Svo. 

f p. 560, with 519 cuts in the text, and a chromolithographic plate, 
aris, 1S68. A new edition for 1890 is announced, which we have not 
seen. Les min^raux des roolies. 1. Application dea m6thodee min^- 
ralogiques et chimiques ft leur 6tude micros copique, par A. Michel 
Lfivy. 2. Donnfies physiques et optiques, par A. Michel Wvy et Alf. 
Lacrois, Paris, 1888, Svo. pp. 334. Traits de cry stall ographie g^met- 
rique et physique, parE. Mallard, Paris, 1879. 
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■tumps to fresh scoria-conea ;^nd^wo— Tongariro nnd Tarav^rar— u« 
still active. There are solfataraa andVnud volcanoes, fumeroles, gay- 
sets and hot apringa in abundance. There'is a mountain raoge widi 
an alpine atmctnre ; there are glacierB*and glacier-lakea almost equal- 
ling those of Enrope. New Zealand ie {interesting too, from its poa- 
seasion of the onlf record of the ancient floras and faanaa that once 
overapreadthe South Pacific. Being antipodal to Europe in position, 
the geologic results of secular aatronomicjcanses must, in many cases, 
be complementary to the resulta occuring in Europe ; so that Te may 
look to New Zealand as a base of verification for certain hypothsaea 
predicating causal relationa between astronomic aad geologic conditiona. 
Dr. Hector and the provincial geologists make the attempt to correlate 
ae they proceed, the geology of Kew Zealand with that of Europe \ but 
captain Hutton, like Dr. von Haast, makes such attempt only after 
completing the eocrey, and determining what classification of geol(^c 
time is tanghl by the facta. He then places the divisions of the New 
Zealand scale against those of the European, and notes the equiva- 
lences. We thus have a complete system, in terma of the Maori lan- 
guage. The greater and less divisiona'are then placed in juxtaposition 
with the Enropean system. It thus appears that every European 
"system" is recognized in New Zealand, except the Devonian. No 
subdivision of the Archaian is noted ;^Dd none of the Carboniferous- 
There is no Upper Jurassic, or Lower Cretaceous, or Eocene; but all 
subdivions of the Cienozoic, except the Eocene, are abundantly de- 
veloped. The Oligocene is represented by five groups, the Miocene by 
six, and the Pliocene by aii. ThePIeiatocene consists of, (ajPeat-mosses 
with Moa bones, and (b) Raised beacheH and ahore deposits. The Re- 
cent is characterized by alluvial and^/EoJian deposits, with Uoa bones 
and traces of man. Of the events of the Pleistocene epoch, captain 
Hotton nays : "Neither intheWangantii system (Newer Pliocene) nor in 
the raised beach<«, is there any trace of a northerly migration. Neith- 
fT are there any signs of a Pleistocene glaciation of New Zealand 
greater than at present. Consequently there is no evidence to show that 
the high eccentricity of the earth's orbit that prevailed in Pleistocene 
times, produced a glacial epoch here. But there arc several facts 
which appear to support the view that this high eccentricity produced 
a diluvial epoch by causing greater winter snow-fall and greater sum- 
mer floods." 

On »omt taUent poinU in the Geology of QuttniUxnd. Opening Ad- 
dress, Sec. G (Gcol. and Pal.) Australasian Assoc. Adv. Sci. Sidney, 
1888. By Robert L. Jack, Govemment^Geologist, Queensland. The 
sparsely settled colony of Queensland, flanked by the great barrier 
reef of northeast Aastralia, dotted from[limit to limit by isolated hill 
and mountain peaks, and belted by ridges and ranges destitute of any 
general trend, is one which, inthedevelopmentofits natural resources, 
has manifested most commendable^energy. We well remember the 
astonishing exhibit made by th« colony at Philadelphia in 1876. It was 
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then almost undietinguiahed, in the popular mind, from Auetralia at 
large. Daring a number of years, it has maintained a geolt^ical sur- 
vey, anil Mr. Robert L. Jack haa been in charge. The mining inter- 
eats ol the colony are considerable, and most of the attention of the sur- 
vey hasbeen directed to economic questions. Mr. Jack, in the years 188G 
to 1889, has issued several special reports on diSerent raining districts 
and localities, some of wliich are as follows : Report of the Argentine 
(star) Silver mines, Kennedy District, 9pp; Geological observations 
in the north of Queensland, 16 pp; Report of tlie Geological features 
of the Mackay District, lOpp; Mount Morgan Gold Deposits (2d Re- 
port) 6pp ; Coal Discoveries on Hie Flinders, 2pp ; Geology of the Rub- 
sel Hivor, ^pp ; Taranganba Gold mine, 10pp. These reports are in 
long quarto form, and are generally accompanied by large maps, and 
by sections. Tijey are issued from the Geological t?urvey office, Towns- 

From the addreari, the title of which !*tands above, the geology of 
Queensland presents a wide contrast with that of New Zealand. In- 
stead of a connected and complete record of physical events, we have 
an exceedingly fragtnontary one — almost every formation resting un- 
conforuiably on the underlying one. There is no certain existence of 
any rocks older tlian tlie Devonian. There are crystalline schists and 
granites, but they appear to be post Artlia-iin. The lowt-r and middle 
Devoninu strata attain u Hiickness of about 21,000 feet. The Carbon- 
iferous roi'ks embrace two unconformable series holding very similar 
fossils. Unconformably jibovc these, follow "Carboniicro-Permian" 
beds of great ihickness, having volcanic asglonie rates at bottom, and 
embracing the oldest auriferous drifts. The Ipswich formation sup- 
posed next higher, contains numerous jrood coal beds, and fossils of 
Mesuzoic type, but ri'sts, like the older groups, on slates, schiatB and 
granites. Mr. Jack sets it down as Triasaic. Resting also on slates 
and granites, the Rolling Downs formation follows, and (jnite uncon- 
formably above thia, occurs the Desert sandslone, once very widely 
extended, but now enormously denuded. Both these contain similar 
Cretaceous focsils, and the Government Geologist provisionally sets 
the one down aa Lower, and the other as I'pper, Cretaceous. The 
Upper overlaps and rests on all the older systems. The Maryborough 
beds, on the eastern side of the coastal range, carry a fauna which ap- 
pears also to be Cretaceous, and equivalent to that of the Desert sand- 
stone. We may conclude therefore, that during the period of the Low- 
er Cretai'eous, Australia consisted of two islands with a shallow inter- 
vening ocean, and an abrupt escarpment along the eastern shore of the 
eastern island, extehding into a deep sea, whose deposits of that date 
have never been brought to light. There was then an insular epi^ch 
in the interior, and that was followed by a atiil deeper submergence 
during the I'pper Cretaceous. The east shore deposits of this later 
perioil have been revealed to the Maryborough beds. On the Tertiary 
and later geology, Mr, Jack gives ns no information. 
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Queensland is nearly 1300 miles in length, from north to south, and 
950 milea in greatest width. It stretches from aoath latitude 29° to l(f> - 
and poBeesBes, except in the eouthern portion, & truly tropical climate. 

The Mineralogy of Pennsylvania. Pari I. By John Eyeruah. (To 
be used OB a aupplement in connection with Dr. F. A. Genth's "Pre- 
liminary report on the mineralogy of Pennsylvania"). 8vo. pp. 48, 
Easton, Pa. The aathor of this pamphlet brings together such dis- 
coveries of new minerals or new localities of minerals as have been 
brought to notice since the publication of Genth's "preliminary re- 
port," foarteen years ago, rendering a real and important service to 
the mineralogy o( Pennsylvania. The new facta are partly his own, 
and partly are derive<l from scientific journals and published proceed- 
ings of societies. In addition to names of nev/ minerals or localities, 
various descriptive notes and chemical analyses are given. 

Woods mine, in Lancaster county is reported to have produced 200,- 
000 tons of chromite, and to have netted its owners at least (5,000,000. 
It was exhausted aftor it had reached a depth oC 800 feet. It was open- 
ed in 1831 nod was abandoned in IS81. Since then the United States 
has received the most of its chrome ore from the Urals in Russia, and 
from Turkey in Asia. Mr. Ej'erm an gives localities and notes on 121 
dilTerent mineral species. 

In a paper on the mineralogy of the French Creek mines (IVang. N. 
Y.Acad. Sci. Jan 14, 1S89) Mr. Eyerman reports an interesting variety 
of orthoclase. The crystals are columnar, ami, radiating from a centre, 
form a shelf-like structure. The largest crystals seen were f>4 mm in 
length ; color, light green to light pink, the f^'reen varieties having a 
small percentage of manganese oxide. 

.Salt; its dincorery and manufacture in Kaniai. By P.obert Hay. 
( Kx. from tith Bjen. report Kan. Stale Board of Ag,) It is seldom 
that in a brochure so small and unpretcntioos, so much of value is ex- 
pressed as M contained in this review of salt in Kansas. After a short 
historiuaketch of the manufacture of salt in Europe and in America, 
Prof. Hay wtates that it has been found, belonging to various geologic 
periods, under a great part of the surface of Kansas. The state geolo- 
gists, professors Mudge and Swallow, inferred that salt would be found 
by boring, and referred thesaltmarslies, that arc frequent, to tlieeffect of 
the Triassic formation. The deposits that hare recently been found are at 
the base of the Triassic, and, through the usual and well-known varia- 
tion to gypsum, are probably continuous with the I'erino- Carbonifer- 
ous below. The review contains numerous analyses, showing that the 
Kansas salt compares well with that from other parts of the United 
States. 

The "thickness of salt besides the saline shales" appears to be at 
Ellsworth 140 feet, Lyons 250 feet, Hutchinson 250 feet, Kingman 
200 feet, Anthony 75 feet, Great Bend 125 feet and Sterling 198 feet. 
All the towns named arc making salt or in the early stages of erecting 
''salt blocks." 
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On the produttion of tteondary minrrali at akear-zotiei in the CTy$taUi7ie 
roclt of the Malvern HiUe. By Charles Callaway. (Quart. Jour. 
Geol. Soc- Aogust 1889.) 

Dr. Callaway Btarto ont with tbe propoeition that the questions are 
to be settled rather by field evidence than by microscopic study, and 
BBBertfl that the chief results were decided in the mind of the writer be- 
fore a single slide had been cut." Nevertheless 150 were cut and sub- 
mitted to Dr. H. B. Patton, EoBenhuach's asHiBtant. When the recon- 
struction of the rock has been complete the shear planes are frequently 
indicated by lines of mica. 

Although disclaiming micro -petrography as a necessary adjunct to 
this study the author hardly gets away from it during tbe entire 
length of his very interesting paper. Hie summary is 

1. All the crystalline rocke of the Malvern chain are of igneous 
origin. 

2. The geniases and achiats are i>raduced out of igneous rocks by 
secondary action. 

3. The chief mineral and chemical changes have taken place in bands 
of rock (shear aones) which have been subjected to a ahearing move- 
ment BO that the metamphoriam may he described as "zonal." The 
maximum of alteration hue been produced in diorite which has been 
sheared in proximity to granite viens. (.'ontact effects are here com- 
bined with dynamic metamorphism. 

4. The most important chemical changes are the removal of the 
bases and the combination of potaah with some of the constituents of 
diorite. 

5. The chief mineral clianges are the reconstruction of feldBpar.aod 
tbe production of biotitc (from chlorite) white mica (from orthoclaae 
pla^ioclase, black mica and chlorite) granular quartz, sphene and 
actinotite. 

RECENT PUBLICATIONS. 

1. Stale and Government reports. 

Annual report of the Geological Survey of Pennsylvania, for ISB7. 
Contains : Cave fosHtls, (2 plates), hy Joseph Lstnv ; Fosail tracks in 
the Trias, in York county, Pa., by Atreus Wanmek, with eleven 
plates; Report on the New Boston and Morea coal lands (Geological 
and topographical map), by Benjamin Smith Lv»an, and The state line 
serpenline and associated rocks, by Fredbkick D. Cuesteb. 

The seventeenth annual report of the Geological and Natural History 
Survey of Minnesota. 8vo. 273 pp. N. H. Wincubli., State Geologist. 
Minneapolis, 188i). Contains aleo reports hy H. V. Winchell andULv. 
S. Grakt, and a list of American puhlicationa Mince 1872 pertaining to 
the cryataltine rocka. 

Natural gas in Minnesota. By N. H. Winchell. Bulletin No. 5, 
of the Minnesota survey, pp. 39. 1889. 
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Hiitory of geological eurveys in Minnesota. By N. H. Wihchbli.. 
Balletin No. 1 of the MinnesoU survey, pp. 37. 1889. 
3. Papert in icientific Journal* . . 

Am. Nataralitt. Msj No. SoleniscUB : its generic char«ct«rs and 
relatioDB. Cbablbs R. Kbyes. 

The Am. Antiquarian, Sept No., has a paper by T. H. I-KWis'pn 
Copper mines worked by the monnd-builders. 

Am. Jour. Set. Sept. No. Carboniferons ecbinodennata of the Mifl- 
Biasippi bftein. Charlrb K. Kkybh. Contributions to mineralogy. 
P. A. Gmnth. Period ot rotation of the snn. H. Chbw. Grand Gulf 
fomuUion of the Gulf states, L. C. Johnson. Note on the fossil 
Bpraler Artfarolycosa antiqua of Harger. C. E. Brscubb. Faragenesis 
of allanite and epidote as rock-forming minerals. W. H. Hobbs. New 
locality of the camptonite of Hawes and Rosenbusch. F. L. Nasoh. 
Properties of allutropic silver. M. C. Lba. Ring systems and other 
corve systems produced on allotropic silver by iodine. M. C. Lea. 
Notes on some native iron sulphates froiu Chili. J. B. Mackintosh. 
Oct. JVo. Origin of normal faults and of the structure of the basin 
region. J. LeContb. Circular polarization of certain tartrate soln- 
tione. (II). J. H. LoNQ. Some suggestions upon the method of 
grouping the formations of the middle Cretaceous, and the employ- 
ment of an additional term in its nomenclature. G. H. ELDBtnos. 
Some Florida Miocene. D. W, Lanodon, Jr. 

4. Excerpia and Individual Puhlicaiiont. 

Paifcolithic man in eaatern and central North America. (Part ui). 
Reprinted from Bo». Soc. Nat. Hiit. vol. xsiv. Embraces early man 
in the Delaware valley ; The roclt-shelter of Naaman's creek ; Palifo- 
lithic implements from the Delaware gravels. By Hill)orne T. Creason. 
p. 141. — Implement from the Indiana gravel. By HilborneT. Cresson. 
p. 160. — The age of the Pliiladolphia red gravel. G. Frederick Wright. 
p. 152. — Water-worn implements from the Delaware river. By 
Charles C. Abbott, p. 157. — Conclnding reraarlis by the president with 
illustrations of palroolithic implements from Delaware, Indiana, New 
Jersey and Minnesotii. By F. W. Putnam, p. ISS. 

On the paragenesis of Allanite and Epidote as rock-forming min- 
erals. By W. H. Hobbg, Ph. D, Am. Jour. ,Vei. Sept 1839. 

Nova Scotian E chin ode rmata. D. Honeyman. Halifax. 

Note on the fossil spider Arthrolycosa antiqua il a rger. ByCliarles 
B, Beecher. Am. Jour. Sci. Sept. ]88». 

The mineralogy of Pennsylvania. Part i. By John Eyerman. 
Eaeton, Pa. 

Notes on geology and mineralogy. By John Eyerman. Proc. Acad. 
Nat. Sci. Phil. Feb. 188». 

On the mineralogy of the French creek mines, Pennsylvania. By 
John Eyerman. Trans. N. Y. Aead. Sci. Jan. 14, 188S. 

The rivera and valleys of Pennsylyania. Wm. M. Davis. From the 
Naiional Geographic Magazine. Vol. 1, No. 3. 
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Tbe affinity of evience (or Christianity. Prof. G. Frederick Wright. 
Eeprint from the Bibliolheca sacra. Oct. 1889, 

Notes on the EatozoH of marine fishes of New England, trith descrip- 
tions of several new species. Edwin Linton. An. Eep. Com. Fish and 
FUhtriet for I88(J. 

Report of Geological observations made in nortlieaetern Minnesota. 
By I'ly. S. Grant, Tnrt tv of xvirtb Ann. Report of the Minnesota 
geological aurvi^y. 

The geology of Buffalo as related to natural gas explorations along 
the Niagara river. By C. A. Asliburner. Amer. Intt. Mining Engi- 
nem. Buffalo meeting, Oct. 1888. 

The development of the theories of crystal alructnre. AV. S. Bayley. 
C-im. Nni. Apr. 188il). 

5. Foreign Publications. 

The Trap Formation of Ulster. J. Starkie Gardner. I'roc. Betf<ut 
Nai. Fkiil Club. 18S8. Series ii. vol. iii. Part 1. 

References to the Diatomaeeous deposits at Ivough Mourne, and 
in the Mourne mountains. By Messrs. W. A. Firth and Wm. Swan- 
ston. I'rot. Beljart Nat. Firld Club. Ser. iii. vol, rii. Part I, 

Verhaiidlungen des iiatuTkistorischen Verrin€i der preue»itche7> Rlitin- 
lande, Weitfaleni und det Reg.-Beiirkt Osnabruek. Erste Hftlfte. Bonn. 
isso, contains Ueber den Charfikter der quart.'irtauna von Thiede bei 
Braunschweig. Von Dr. A. WoUeman. Uehcr electrolytisch ahge- 
schiediie Kopperkrystalle, wiit 2 Holzschnitten. Von Prof. 0. Mtigge. 
Goologisches Profil von Hamm. J. Hfndhauten. 

Traii»artions of the Itoyal fiociety nf Canada, vol. vi. contains: Pres- 
ideuti.tl address; The Iluronian system of Canada. Robert Bell. 
L? Gaz naturel dans la province de Qaebec, par I.'L'bbf Laflamme' 
On Xematopbyton aud allied forms from the Devonian (Erian) of 
Gasp^' iind Bay dea Cbalours. By D. P. Penhallow (with introiluctory 
notes by Sir William Dawsonl. On some remarkable oryanisma o£ the 
Silurian and Devonian rocks in Houthern New Brunswick. By G. 
F. Matthew. Notes on the Nova Scotia gold veins. By E. Gilpin, 
.Ir. On Cretaceous plants from Port MuNeill, Vancouver's Island. 
By Sir William Dawson and G. M. Dawson. Illiist rations of the 
fossil fishes of the Devonian rocks of Canada, Part II. By J. F. Whit- 
Chemical aud Physical studies in the metamorphism of rocks. By 
A. Irving. Octavo, i;!8 pp. London. Longmans, Greeu & Co. 

The advantage to the civil engineer of a study of geology, T. Mel- 
lard Iie;ulc. 7Vai.a. lA>:erpool Eagineerin/j Socielij, Nor. 14, ISSS. 

The New Red sandstone, and the physiography of the Triassic 
period. T. Mellard Reade. Nahtralisl, April 1389. 

Slickcnsidcs and normal faults, their characters and cause. T. Mel- 
lard Reade. LirtTpnolGeol. Society. .Session 1888-9. 

Notizblatt des Vereins fiir Erdkunde zn Darmstadt, Polge iv, 9 H. 
contains: Granit und Minette an der Hirscbburg bei Lauterschasen 
siidlich Weinheim a. d. Bergstrasse, von C. Chelins. Tat. in und iv. 
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GhemiBche Analj'een von tertiaren und diluvialen GeeMiiisartea «U8 
den Bruchen von Waisenau and Lanbeaheim bei M&inz, von Dr. £. 
Egger. Notizen ane den AuCnahmeoKcbieten d«8 Sommers 1888, von 
C. Cfaelins. 

MU. d. V. fur Enl. Leipzig. 183S. Containe, Die Lochaberstrand- 
linien, von Dr. Sandler. 

On the production ot secondary minerals at shear-zones in the cr)'8- 
talline rocks Of the Malvern Hilla. Charles Callaway. Qaart. Jour. 
Oeol. Soe. Ang. 1889. 

Die iilteBten Sediinente des niirdlichen Scbwarzwaldes und die in 
denselben eingelagerten Kruptivgestcine. J. H. Kloos. Jahr. d. V. /. 
Naturvriiienachoft zv Baunichweig. 1SSS-S7. 

The Records of the Geological Siir\-ey ot New Sontli Wales. C. S. 
Wilkinson, Geologist in chai^ ; vol. i, part i, contains the following 
l>aperB: 

Notes on theOeology nt the Barrier Ranges District and Mount 
Browne and Tiboohurra Gold-Aelds ; by C. S. Wilkinson, F.G.S., Geo- 
logical Survevor-in-Cliarge. 

Report on the Discovery of Human EemaiiiH in the Sand and Pum- 
ice Bed at Long Bay, near Botany, with Plate i. By T. W. Edgeworth 
David, B.A., F.G.S., Geological Surveyor, and Robert Etheridge, Jr., 
Paleeonlologist. 

Petrographical Notes on the Eruptive Rocks connected with the 
Silver-bearing Lodes at Sunny Corner, Miii-hell, near Bath urst, with 
riatea ii and na. By Wm. Anderson, Geological Surveyor. 

On the 0(:furrence of a Coral intermediate in structure between the 
(ienera Loti'dnleiu and fipumjophyllum in the Upper (7) Palaiozoic 
RockB of New South Wales, with Plate iii. By R. Ktlieridge, Jr., 
Pahcontelogist. 

On the occurrence oE Tellurium in Combination wilh Bifinuth, from 
Norongo, near Captain's Flat, New South Wales. By J. C. H. 
Mingaye, F.C.S., Analyst and Assayer. 

Description of the Physical Characters of Tclluric-Bihmuth Ores 
from Norongo, near Captain's Flat. By T. W. Edgeworth David, B.A., 
F.G.S., Geological Surveyor. 

Sketch of Columnar Basalt on the Horlon river, near Lindsay Sta- 
tion, with Plate iv. By Henry W. Powell, Forest Ranger, Gunnedah. 

Vol. 1 Part 2 contains the following: 

Notes on the Mineral Resources of Kew South Wales as represented 
at the Melbourne Centennial Exhibition. By Joseph K. Came, 
Curator, Mining and Goolofjical Museum. 

Note on two specimens of Lepidodtndron from Ihe I..ower Carbonife- 
rous ( ?) of Goonoo Goonoo, Kew Souih Wales, with Plate v. By Rob- 
ert Kidston, F.G.S., of Stirling, N. B. 

On the Post-Tertiary Ossiferous Clays, near Myall creek, Bingera, 
with Plates vi-x. By William Anderson, Geological surveyor. 

On Further Evidence ot a lar^e and estinct Stnithious Bird 
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(IhomomiB, Owen) from the PoBt-Tertiary Depoaite of QaeensUuid, 
with Plates xt-xiii. Bj R. Etheridge, Junr.,Palieonto]ogi8t. 

On the Stratigraphical Position o{ the Fish and PUnl^Bearing beds 
on the Talbragar river, Caesitis dietrict, with Plate xjv. B7 William 
Anderson, Geological Surveyor. 

On the Examination of an Aboriginal Rock-Shelter and Kitcfaeo- 
midden, at North Harbour, Port Jackson, with Plates xv-xxii. By T. 
W. EdgewoTth David, B.A., F.G.S., Geological Surveyor, and R. 
Etheridge, Jr., Palneontologist. 

Remarks on a Fern (.Ci/eadoptent icolopendrina, Ratt«), from the 
WianamatU Shales, near Sydney, with Plate xxiii. By R. Etheridge, 
Jr., Palceontologist. 

Report on supposed Caves with Aboriginal Drawinge, on Harris' 
creek, and George's river, near Liverpool, with Plate sxiv. By R- 
Etheridge, Jr., Palteontologist. 

Descriptive catalogue of the exhibits of metals, minerals, fossils and 
timbers (government and private) at the Melbourne centennial inter- 
national exhibition, 18S8. On behalf of the oommiseion of New Sonth 
Wales. 

Handbuch der Mineralogia, von Dr. O. Hintze. Iste Lieferong, 
mit 63 Abbildungan im Text, Leipsiig, 3889, pp. 160. The work will 
form two volumes, appearing one or two parts yearly. To be com- 
pleted in three orfour years. 

Geological Position of the "Wek-Pass Stone," New Zealand. By 
Capt. F. W. Hutton. Quar. Jr. Oeol. Soc. Aug. 1885. 

Correlations of the Curiosity Shop Bed, New Zealand. By the same. 
Ibid. Nov. 1885. 

Eruption of Mount Tarawera. By the same. Ibid, May, 1887. 

The Geological Record for 1880-84, (inclusive) ; a list of publications 
on geology, mineralogy and pa I deontology published during those 
years. Edited by William Topley and Charles Davies Sherbom. Vol. 
Ti. London. Taylor and Francis. 8vo. pp. 663. 10 shillings sixpence. 

Taranganba gold mine. Queensland. By Robert L. Jack, Govern- 
ment Geologist. 1889. 4to. 10 pp. 
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iNTBKGHTtNO Norwegian GEOLor.Y, Silurfotsikr og prSttedt Konglo- 
meraler i Bergengtkifrene af Hans H. Rensch. Kristiania, 18S2. Uni- 
versitetsprogram for Iste Halvaar 188.^, pp. 152. Accompanied by a 
colored geological map, 2 plates of fossils and 89 cuts in the text.' 

This essay, though some years old, possesses a renewed interest for 
readers of The Gbolooist, to whose attention similar phenomena have 

' There is a German edition of this by Dr. H. Baldauf, entitled : Die 
Fossilierfiihrenden kristallinischen Scniefer von Bergen, Leipiig, 1883. 
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been preseDted during the currant fear. It is *, cuefol and detailed 
stady of the geology of a limited district in the vicinity of Bagen, 
Norway. The geology in general bos an Arcbean aspect. Tb* bedded 
rocks stand vertically, though in places much disturbed, and they 
embrace many varieties of crystalline schists and gneisses, associated 
with diorites, diorite- schists, gabbros and other forms of tufts and 
eruptives. The features of chief interest, however, sra conglomeritic 
gneisses, and fossiliferous phyltitesand limeetones interstratt fled with 
the gneisses and crystalline schists. 

These phenomena were studied especially at three separate points, 
OsSren, Trengereid, and the mountain Ulriken. In the environs of 
OsSren ara described the following petrogrsphic forms : 

1. Quartzifcrons talc-mica schist; the qnartx occurring partly in 
very small and thin lenses, and partly in larger ones, attaining occa- 
sionally a metre in length. This rock contains also layers of a finely 
granulated gray gneins with very little mica. 

2. Diorite schists in two zones, a northern and a southern. Both 
are associated with hornblende schist, chlorite schist, gneiss often 
rich In chlorite, granulite and green slates. The latter are sometimes 
80 closely intersected by fine granite and granulite veins as to present 
the appearance of a breccia. In this connection is a rock consisting 
either almost entirely of coarsely crystalline hornblende or of large 
hornblende crystals up to a centimetre in size, scattered in a mass of 
fine hornblende crystHl^. In the granulite occur lenses of granular 
quartz. The homblend ' Kchist is laminated by films of chlorite, and 
contains flat lenses of finely granulated feldspar varying from the 
thickness of paper to thnt of pasteboard. 

3. Polygenons conglomerate, of which the constituent pebbles have 
been compressed untiltheyasRUme in places the forms of thin lenses. 
Their longest dimension ia in the plane of bedding, and in the direction 
of the strike. The least is transverse to the bedding. This rock some- 
times presents a crumpled appearance. Mica and chlorite oflen appear 
in such a manner as to prove tliem epigenetic. Where the conglomer- 
ate has been subjected to extraordinary pressure, and mica is in 
abundance, its appearance is similar to that of mica schist; but where 
hornblende is io excess, it has the appearance of hornblende schist. 
These conglomerate beds are in alternation with gray gneiss, black 
micaceous phyllite and "eye-gneiss." 

4. The "Oagneiss" (Augen-gneiss, eye gnebs) unlike the proper 
Angen-gneiRB of the (iermans, has "eyes" of whitish quartz in the 
midst of obscurely strati Bed feldspathic rock. The feldspar contains 
laminse of chlorite which in some places is substituted by black mica. 

5. Phyllites. These occur in two similar zones, both of which con- 
tain fossils. Accessories of dull or black mica cause incomplete trans- 
itdons to mica schist, and thence to perfect mascovite schist. The 
pbyllites contain occasional beds of fine granular gneiss ; also distinct 
layers of limestone and small halls of dark colored limestone, with fos- 
rils changed into calcsreons spar. The fossils recognized ore tIaly»Het 
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catenularia,C!/athophyUumf Syringopkytlam aod gaeteropods resembling 
Murckisonia and Subulitei. In the northern phyllite zone occur 
i]nartzoBe saiidstoneH and conglomeratee. The groundmaea of one of 
the conglomerates is greenish chlorite. This, ae well aa the pebbles, 
is penetrated by hornblende crystals evidently epigenetic. This zone 
contains a great abundance oE fossils, including GraptolUet. They occur 
in 3 \eTy lustrous shale of light gray color appearing to consist chiefly 
of muBcovite. The rock contains weathered balls of limestone with 
faint traces of chain corals. In the shale occur also, Calytaene, Fhacopi, 
Brachiopods and other form.s indicating the horizon of the Upper Silur- 
ian. The pebbleH of the conglomerates are always elongated ellipamds 
and li« parallel with the strike. 

(i. Chloritic sparagmite, composed of small fragments of greenish, 
small-grained ro<:k particles dilbcult to determine, and full of chlorite 
and black mica. Sometimes the rock has a gneissic appearance ; at 
others the fragments are so large as to present a perfect conglomerate. 

7. CalciferouB gneiss. This occurs in proximity to the saussurite- 
gabbro, 

S. Saussurite-gabbro. The structure of some portions resembles 
the RietenflaneTstructur of the Germans. It consists of lenses of gabbro 
of irregular grain or parallel struciure. The lenses are surrounded by 
amphibolite schist. Mineralogicnlly it consists of eauHSurite and 
greenish diallagc. It emhodiex in places, fine grained, sometimes 
slaty, feldspar- bearing bombleude rock, and in one region becomes 
boautilully strutilled. The latter variety is intersected by veins, and 
contains also, considerable masses of unstratified saussurite-gabbro. 
But the interruptions are not accompanied by displacements of the 
strata. Portions of the gabbro are rich in olivine. 

\i. The crystalline schists of Lysekloster appear somewhat transi- 
tional between the dioritii- und hornhlendic schists and a peculiar 
gncifs. 

In the neighborhood of Trengereid are found marblei", polygenous 
conglomerates sk at Osoren, (occurring in sis outcrops) several varie- 
ties of gneiss, qaart/.ite, mica schist and FUier-gabbro. In the marble 
are ?encrimte stems and Chain-coral, In the immediate vicinity of 
Bergen, the same varieties of rocks occur. Over quartz schist Ilea red- 
dish and grayish gnei.ss. In the vicinity is a crumpled porphyritic 
gneiss. The conglomerate consists of a quartziferous mica schist rich in 
chlorite, and strewn with peddles of porphyritic gneiss- granite and 
other varieties of gnt'iss and granite. 

In the Ulriken district, gneisses are the prevailing rocks ; but tlie 
pticuliarities of these need not here he mentioned. 

The regions described exhibit the phenomena of metamorphism in 
a characteristic and striking development. It is beyond controveray 
that the marbles, phyllites and quartzites have had a sedimentary ori- 
gin. The Os'gneiss is also, with little possible question, originally 
sedimentary. Dr. Keusch expresses the opinion that the gneisses 
were originally formed oF loose material, (gravel of granite or gneiss) 
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and may even have conaieted of larger pebbles of gneiss or granite. 
The granulite is also clearly stratified and preaumably a metamorphic 
rock. Tlieae facts and opinions recall tbose presented by Dr. Edward 
Hitchcock in the Geology of Vermoat, and those at Obermittweida in 
Saxony, and the conglomerates in similar situations in Canada.' Dr. 
ReuHch is also clearly of the opinion that the pebbles of the conglom- 
erates have been flattened, and in many cases stretched or elongated 
after being softened by igneo-aqueous action. The pnrtially folded 
lenses of the green gneiss of Trengereid he regards as a pressed breccia. 
A brecciated condition, aw he fuggestH, aometimes reaulw from the 
presence of a multitude of thin intersecting veins ; and the anomalous 
occorrence of a plicated bed between two unplicated beds he explains 
ingeniously by the slipping of one of the unplicated ones over the 
other, with an intervening bed which wrinkles inHtead of slipping 
bodily. 

These gneissic ami schistic rocks of Upper Silurian age or latj.'r, 
derived from indisputable sedimentary terranes, indicate, like other 
similar facts long known, the possibility — perhaps the probability — of 
a similar origin for the similar rocks occurring in aub-Cumbrian zones. 

BSmmeloen og Karmikn med omgiveUer geologuk beikrcvne af Dr. Hans 
ReuBcb. With 3 colored charts, 205 cuts in the text and an English 
aammarj' of the contents. Udgivet af den geoiogiske undersdgelske. 
Boyal 8 vo. pp- 4-12, Kristiania, 1K8S,» 

This elegantly printed volume contains a continuation of Dr. 
Reusch's carefid inveMtii^ationa of the geology of Norway. It pos- 
sessea interest, like his former memoir (notii'ed above) for American 
geologists, because much of the geology of Norway, as Matfarlane long 
ago pointed out, is the counterpart of the Arrhaian geology of Canada 
and the "United States, and because the principles elucidated by Nor- 
wegian geology possesH direct and fruitful application in tl;e solution 
of problems in American geology. 

The regions described in this volume extend from Bergen southward 
to Stavanger, inchiding the borders ot the Hardaiiger, Bommel and 
Bokne fiords; but more particularly the environs of BonimclSand 
Karm5. The rocks appear to be chiefly of .\rch^an. Primordial and 
Silnrianage. Petrographically they are gneiss and granite, mostly 
Archsean, associated with crystalline schists, chiefly clay-slates and in 
places containing Primordial fossils. The fossils are sometimes in 
limestones embraced in the slates. Angular fragments, lat^e and 
small, occur in the gneisses and granitea, and the former, in numerous 
localities described, hold ellipsoidal, bowlder-like foreign fragments, 
disposed in courses, which are frequently accumulated to such extent 
as to resnlt in proper conglomerates. In the forma of the fossils and 
pebbles the author sees remarkable evidences of compression and 

*0n the relation of conglomerates to gneianes and crystalline schists, 
see the articles by A. Winchetl in The America.v Geomxjist, March 
and Aprd, 188a, where references may be found. 

'See ft review ot this work in this journal, vol. m, p. 335. 
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stretching. The bowlder forme &re sometimeB completely aatteoed. 
Like otbers, he traces a connection between these actions and fiAsility 
in the rocks. The banded arrangement of the mica in certain grneissic 
rocks he regards as an effect of stretching ; and this, he says, ia often 
independent of the dip. Not unfreqnentlj a gneiss and the conglom- 
erate bedded in it are both stretched in the same direction, thus mak- 
ing it evident that the gneisa asaumed to be stretched ia really 
stretched. As a result of preeaure certain granitic rocks assume tbe 
condition described as gneiss granite and porphyritic gneiss. The 
stretching phenomena have a direction parallel with the axea of the 
great and small folds resulting from orogenic efforts, and hence the 
aatbor concludes, perhaps too readily, that the small folds and 
cnimplings of the rocks are also on effect of stretching. But the par- 
allelism of the stretching direction and the folding axes may have only 
a coincident, not a causal, relation. The orogenic disturbance of tbe 
Scandinavian peninsula ia thought to constitute, with that of tbe 
British Islands, a single system, only intermpted by the subsidence 
of tbe area of the German ocean. 

It is not important to notjcs here the distribution of the geological 
features of the region described ; nor to refer specifically to the differ- 
ent petrograpbic features brought into view. A few points of unuBoal 
interest may, however, be mentioned. A large development occurs on 
the Bommelo (island)— partly described heretofore as aaosBarite- 
gabbro — in which tbe evidence is that the hornblende is an ancient 
augite altered into uralite— kernels of diallage sometimes remaiouig. 
An associated rock is a quartz-porphyry tuff — in older descriptions 
called homstone porphyry or qnortzite, composed mostly of shftrp- 
edged fragments, and evidently clastic in nature. This in other places 
becomes an obscure mixture of quarts and feldspar, with a granitic 
appearance. The rocks in this region are travereed by altered diahaee 
dikes of various ages. Younger than these are auriferous quartz veins. 
Of the dikes mentioned, some are called "slate dikes." They are 
dike-formed masses consisting of a soft schist whose dominant compo- 
nents are chlorite and colcita or dolomite. These are considered 
altered diabase dikes. The diorite shows some interesting passages 
into schists. Along the boundary line between the diorite and the 
quartz-porphyry, the former becomes fissile. In approaching the 
boundary it ia seen to contain chlorite laminte which divide it into 
lenses. Closer to the boundary these increase in number, and the 
dioiite becomes more and more slaty till it passes into a wholly 
chloritic schist. 

The clay-slate, somewhat to the northwest of the granitoid rocks, on 
islands noar the coast, is shown under the microscope, to be wholly 
crystalline, consisting of fine-grained quartz, feldspar and muscovite 
with occasional calcite, and sometimes graduating into muscovite 
schist. 

On the eastern ebore of the Bommelo is a peculiar rock. It is a 
granular crystalline, gray granitic rock, stained with dark ^ots. 



,y Google 



Corre^ondenee. 319 

where biotite apaciallf aboonda. In the same mass are distinct 
rouDd«d tragments ol fine gray gneiss, feldapathk quartcite and white 
qbartK. The fn^ments are often the sise of a man's head and larger. 
The qnarti fragments hare sharp contoors ; those of feldapathic qaMtx 
are less distinct ; while the gneiss fragments are welded into the snr- 
ronnding rock, often appearing simplj' as dark patches. Id the north- 
ern portions, the groandmass assumes a parallel structore, and gradu- 
alty merges, b}* loss of frt^pnents, into common granite. The author 
•apposes that the rock was originally puddingstone, in which the 
fragments have mostly consisted of gneiss and granite. Those onljr 
have been left that contained most quartz ; the rest have changed into 
a granitic mass. 

A fine-grained diorite is described, interwoven with innnmerable 
granite veins of various ages. The veins are so welded into the diorite 
that tlie whole assumes the appearance of a hornblende gneiss. In some 
places fragments of different mineral ogical composition are enclosed, 
without order. The author suggests that a formation composed of 
different varieties of rock ma; have t>een broken to pieces, and these 
b]r motion in the fluid granitic mass, mingled together. Many exam- 
ples are described of granites enclosing fragments of other rocks. A 
case is mentioned in which a mass of goeiss is changed by granite 
veins, into a breccia. The fragments are flattened as if by pressure. 
The rock is traversed by a schistose, flne crystalline dike consisting 
of hornblende, biotite, chlorite, with quartx as an interstitial filling. 
Tbe Bcbiatosity runs parallel with the flattened fragments in the sur- 
rounding mass. 

In some of tbe dioritic regions, the diorite is interwoven with innu- 
merable granitic dikes and veins. Where the sides of the granite 
dikescan be seen, they are grooved in the direction of the stretching. 
The dikes in general, follow the foliation of the diorite, and they some- 
times surpass in volume tbe dioriUc rock. A person unacquainted 
with the general geological structure of the country might imagine 
veritable stratification. 

* In reference to tbe origin ol some of the granitic rocks Mid other 
eruptives. Dr. Reusch says : "The quartc eye-gneiss of Karm5en and 
the granite of the BSmmeld contain interbedded masses of fragmental 
rocks merging into the surrounding massive rocks, and making it 
probable that the latterwere also originally clastic, as before suggested 
in reference to some of tbe (Silurian) gnelsHea of tbe Bergen peninsula." 
He thinks the various non-gneissic masses included in the granites are 
the remains of rocks originally Interbedded in the fragmental rocks 
from which the granite originated. Respecting gneissic masses in- 
cluded or interbedded, he is in doubt; but he inclines to tliink them 
structural varieties of the granite; since, for most of the comparatively 
massive gneiss-granite, it is difficult to assume another origin ; as we 
find all transitions to varieties exhibiting quite characteristic granite 
structore. Nevertheless, we find central masses of granite undoubt- 
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edly eruptive, and rftmityin^ into dikes and veins vbich pierce the 
sarrounding terranes. 

. The tract under consideration where we observe the remarkable con- 
nection between a fragmental rock, a griuiite conglomerate and a true 
granite, mast lead us to reflect, he says, on the origin of plntonic rocba 
in general. He holds that in some casea, originally gedimentarir rocks 
may be regionally metamorphosed, and at last protruded as true 
eruptive*. A , Winchkll. 

Ann Arbor, Oci. 10, X889. 



PERSONAL AND SCIENTIFIC NEWS. 



Pbof. F. H. Snow has been appointed acting president of 
Kati»as State University. Thus four of the western States ha%-e 
for presidents of their universities men whose professional 
traiuing and labor had been scientific. Indiana has D. S.Jor- 
dan, an ichthyologist, Wisconsin has T. C. Chamberlin, a geoJ- 
ogiat, Iowa has C A. Schaeffer, a chemist, and Kansas now 
has F. H. Snow, a geologist. 

The University of Texas, School op Geology, Austin, 
established and conducted by Prof. Robert T. Hill, exhibits 
a commendable appreciation of the sphere that such an organ- 
ization should occupy, and, considering the great difficulties 
that environ such an enterprise in the newer institutions of 
learning, its activity and success are phenomenal. Its publi- 
cations are of great value to Texas and to geology in general, 
and they manifest an energy and scientific skill that wouJd be 
creditable to other and older institutions. It would be well 
if all state universities should maintain some similar agency 
for the publication of important scientific reeearcb. Particu- 
larly in western institutions are such auxiliaries needed. They 
have the materia! and the men to organize scientific bureaus, 
and they are beginning to realize the loss they are suffering ' 
by depending on the older institutions of the eastern States 
and on other means of publication. 

The late meeting (fok Octorbb) of thk Mi.'Jnesota Acad- 
emy of Natural Sciences was the first held in the new building 
erected by the city of Minneapolis, known as the"City Library." 
The entire second floor of this building is to be occupied "bv 
the Academy. There was a large attendance. Papers were rea3 
bv Prof. N. H. Winchell on The go-called Huronian rocknin 
ike vicinity of Sudbury, Canada; by Mr. H. V. Winchell on 
The iron-bearing formations of Minnesota ; by Prof. Chaney, 
of Northfield, on Snvie remarkable forms supposed to he of 
Cryptozoon in the ISkakopee limestone at Northkeld; and by 
Mr. Warren Upham on A recent visit to Itasca lake. 
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OEOROB H. COOK, LATE STATE GEOLOOIST OF 
NEW JERSEY. 

JoHH c. Smock. 

Dr. George H. Cook, state geologist of New Jersey and vice 
president of Rutgers College, died at his residence in New 
Brunswick, N. J., Sunday, September 22, 1889. 

This sudden death of one who was apparently in robust 
health and occupied with the responsible duties of directing a 
atate geological survey and an agricultural ezpeiiment station, 
besides filling other positions of wide influence, has called out 
many expressions of a feeling of personal bereavement and of 
loss to the state and college which he served so long and bo 
Ckithfully and to science in which he was an eminent leader. 
His efficient and successful management of the geological 
anrvey bad gained for him a well earned and world-wide repu- 
tation and his amiable and generous nature and his unselfish 
devotion to science and to the highest interests of the people 
withjn the circle of his official influence, woo for him a host of 
friends. Aa a teacher in the Rensselaer Polytechnic Institute,, 
in the All;tany A^cademy, and in Rutgers College he bad given 
instruction in the natural soieDces to a large number of pupils,. 
many of whom now mourn their loss. 

Qeorge H,ammell Coot was born at Hanover, in Horrie- 
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county. New Jersey, January 5, 1818. His early ed 
was obtained in the country ecbool of hie native town, 
leaving Bchool he was for a time engaged in surveying 
of the Morris and Essex railroad. In 1838 he entc 
Rensselaer Polytechnic Institute at Troy, where be wi 
uated in 1839. In that institution he came under the i 
tion of Amos Eaton and acquired that love for the 
sciences with which that famous teacher inspired i 
heard him. After graduation he was employed as tut< 
as adjunct professor, and from 1842 to 1846, as senior pi 
in the Institute. Removing to Albany he was engage 
short time in business. In 1848 he entered the faculty 
Albany Academy as professor of mathematics and 
philosophy, and in 1851 was made principal, which p 
filled until 1853 when he was called to the chair of cht 
and natural sciences in Rutgers College. He was 
vice president of the college in 1864, and in 1867 agrii 
was added to his professorial work. The subsequer 
tional professorship in chemistry and geology relieved 
a part of his college duties, and from 1880 on he in 
geology and agriculture. Rutgers Scientific School a 
State College of Agriculture and the Mechanic Arte, esta 
at New Brunswick, owe their existence and their pro 
largely to his earnest and persevering efforts in securi 
congressional grant of public lands for the support c 
colleges, and to his successful appeals for the legislat 
in behalf of the Rutgers Scientific School. The educa 
the farmer and the promotion of agriculture were snbj 
much thought and, after years of patient and uni 
effort, he rejoiced in the establishment of a state agric 
experiment station at New Brunswick and in connectic 
the state college. It was organized in 1880 with bin 
director. His wise and economic administration b 
increased appropriations and, in 1888, a special gift 
erection of a large and well planned building to be dev 
scientific investigations and experiments for the ben 
agriculture. No other state agricultural experiment - 
in our country has reached so largeapart of the farmii 
ulation of the state in which it is located. Its hold on i 
mer is the evidence of the valuable work it has done f< 
Dr. Cook's official position in the geological survey 
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Jersey began Jn 1854, when he became associated with the late 
Dr. William Kitchell, state geolo^st. He was assistant geol- 
ogist in charge of the southern division of the state for three 
years and made reports on the green-sand marl beds, on the 
clay beds, on the coast changes, and a final report on the 
county of Cape May. The most notable results of his survey 
were the discovery of a subsidence of the coast and the strati- 
graphical relations of the green-sand marl beds. A paper on 
the coast changes of level was read by him at the meeting of 
the American Association Adv. Sci. in Montreal in 1857. The 
relation of the several marl beds to one another and to the 
associated sand beds was worked out by him, and the stratig- 
raphy was proven to be correct by the instrumental observa- 
tions which he had made. Thus, almost at the outset of his 
long connection with the state survey, and his successful 
administration, he began the topographic work which has 
made that survey so useful to the. people of New Jersey, and 
which upon its completion reflected bo much credit and honor 
upon him. The structure of the whole southern part of the 
state was practically made out at that time. The studies of 
succeeding years have demonstrated the correctness of the 
stratigraphical order in the green-sand marl beds and added 
to the geological column the overlying and newer beds. 

The geological survey was suspended from 1856 to 1863. 
The state legislature put the property of the survey in his care 
in 1863, and he made a report of his work to the State at the 
^lose of the season. The advantages of a geological survey 
and the desirability of completing it, moved the Legislature 
to order its resumption and he was made state geologist by an 
act of the Legislature passed in 1864. He held this position 
for a quarter of a century — and to his death. The results of 
the first quadrennial term were published in 1868 in the ''Geol- 
ogy of New Jersey." ' They were found to be of so much 
value to the people of the state that the survey was ordered to 
be continued a further term of four years. Supplementary 
acts passed by the Legislatures of 1872, 1876, 1880 and 1885 
authorized the continuance of the survey. The almost unani- 
mous votes in passing these acts show the confidence placed 
in him as the head of the survey ; and the long official tenure 
I' and 900 with 
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of the office is unparalleled in the history of geological eurv^s 
in our country. The annual reports of the state geologist for 
the years 1869-1888 inclusive have given the records of the 
work done each succeeding year and represent the varied direc- 
tioQS in which the inveBtigations of the survey have been 
guided hy him. In 1878 the report on the clay deposits of the 
state' appeared. The need of detailed topographic surveys as 
a basis for geological maps and their value in tracing out ibe 
stratigraphical relations within k snaall territory were Bfaown 
in the map of the clay districts of Middlesex county, th.: first 
one of that series of the topographic department of the survey. 
The severe teats to which that map has been put and its tried 
value to the Gre-clay and potter's-clay industries of the Btate 
constitute one of the most potent arguments for the usefulness 
of geological surveys and exhibit both the sagacity and the 
prudence of Dr. Cook in his direction of the survey. 

The geological structure of the magnetic iron-ore beds in the 
northern part of the state, described in so clear and plain 
terms as to be of the greatest service to the iron miner and 
the iron-ore prospector, is another evidence of the practical 
direction of his investigations and of their service in develop- 
ing the mineral resources of the state. These deposits were 
described by Ptof. Rogers as veins and unstratified. The 
surveys of Dr. Cook showed them to be bedded members, in 
the crystalline rock series ; and his later work indicated their 
occurrence in certain horizons in the Archsan group. To the 
geologist and to the mining engineer the full descriptions of 
the forms and location of these lenticular-shaped iron-ore beds 
are of the first importance, both in the study of the structure 
of the whole crystalline rock series and in the exploitation of 
the territory in search of additional ore supplies. The full 
and practical directions for the use of the magnetic compass 
in searching for ore and the magnetic survey of the state 
afford valuable data to the future explorer and suggest a more 
exhaustive survey in order to determine the horison of the 
iron ores and their relation to the associated rocks. 

Dr. Cook was one of the first to discover the existence of a 
great terminal moraine in the eastern United States, and his 
first public announcement of it was in a paper read at the 

* Report on the Clay Deposits of Woodbridge, Soath Amboy and 
other places in New Jergej.*' Trenton, 16T8, 8to, viii and 381 pp. 
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Wilkeabarre meeting of the American Inatitute of Mining 
Engineers, in May, 1877, "On the southern limit of the last 
glacial drift across New Jersey and the adjacent parts of New 
■ York and Pennsylvania." A description of this moraine ap- 
peared in his annual reports for the years 1877 and 1878- The 
clew to its existence was in the absence of the characteristic 
red sandstone and red ehale in the stratified drift deposits in 
the southern central part of the state ; and starting with this 
hint the southern limits of unsorted drift were followed east- 
ward on Long Island and west of the Delaware to the Susque- 
hanna. This study of glacial formations was fascinating and 
important, but the intense loyalty of the man to the practical 
interests of the people, for whodTand by whom the survey was 
authorized, prevented him from following the subject where its 
application would have been of little real value, although it 
would have given him honor and gratified a natural thirst for 
additional knowledge. 

The most conspicuous work of the geological eifrvey was 
the production of the atlas of topographic maps. They are 
on a scale of one mile to the inch and show the configuration 
of the surface with accuracy and in much detail as to streamsi 
roads, &c., and they are sought after by land surveyors, civil 
engineers, miners, and all who have occasion to examine the 
surface or study topography and geology. GeologistB who 
have been obliged to use inaccurate maps can appreciate their 
value and give to Dr. Cook the credit of inaugurating the first 
accurate state topographic survey in connection with geolog- 
ical work in our country. And they will serve their highest 
scientific use in the revelations of structure yet to be read in 
these surface lines by the future student who may continue 
the survey of this best mapped state. 

The practical direction of the survey was not confined to 
the above indicated channels, but fiowed out wherever it could 
do service and minister to the people. The betterment of the 
soil, through the use of the natural fertilizer, the mapping of 
the forested areas and tbeir description, the drainage of the 
swamp lands, the sources of abundant and wholesome sup- 
plies of water from artesian wells and from the natural reser- 
voirs of the state, the climate and the whole physiography of 
the state were studied. His reports had the rare merit of plain, 
concise yet clear statements of facts which were understood 
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by those for whom they were written. And his conaervatiam 
kept him from hasty and glittering generalities and from the 
corrections and retractions incidental to undue haste and 
excessive personal ambition. 

One volume of the final report had appeared and a second 
one was about ready to be sent to preBS at the time of his 
death. His plan contemplated its publication in four volumes, 
including a summary of the geology of the state and a report 
on the paleontology. 

Dr. Cook was honored by membership in many societies. 
At the Cleveland meeting of the American Association he gave 
the vice-presidential address in Section E. In 1887 be was 
elected a member of the National Academy of Science. Of the 
International Geological Congress he was an active member 
and the reporter of the Mesozoic. Prom the University of 
New York he had received the degree of Ph. D, as early as 
1856, and Union College had honored him with that of doctor 
of laws, k 

A friend whose devotion never wavered, a loyal citizen, 
ready for every duty, a true scientist and a manly Christian, 
he has left an example for us, if we would make the world 
better and wiser. 



THE CINCINNATI ROCKS : WHAT HAS BEEN THEIR 

PHYSICAL HISTORY ? 

By Nelson W. Pekrv. 

The group of rocks forming the upper portion of the Lower 
Silurian, and more specifically known as the "Cincinnati 
group," has been for many years one of the moat interesting 
to the palffiontologist and geologist. The great abundance 
and variety of its fossils have attracted the attention and study 
of specialists in all parts of the world, and the result is that 
its life history is now pretty well understood. The physical 
history of this group, however, has been but little studied, 
and even to-day we find but little in literature bearing on this 
subject. • 

The problems presented are of a peculiar nature and seem I 
not to be duplicated in any other of the great geological 
epochs — certainly not on such a grand scale. This fact has I 
not until recently been duly recognized. The phenomena 



I 



,Google 



The Cincinnati Rocks. — Perry. 327 

observed have been duly explained by theories some of which 
it seeme to the writer are not at all applicable. 

It ia the object of this paper to present some of the phyaipai 
peculiarities of the Cincinnati group and to draw from them 
some conclusions to which they eeem to point. 

It seems to me that the greatest obstacla to a right under- 
standing of the method of deposition of these rocts has been 
an almost universal belief in the rule that limestones are of 
deep-sea origin. To one wedded to abelief in the universality 
of this law, a fossil, however significant it might be of shallow 
water conditions, if found in sandstone or shale, loses its sig- 
nificance if found in limestone. "Limestone is a deep-sea 
deposit, ergo shallow water indications in limestones are 
impossible. Whatever in limestone is found that resembles 
these must be accounted for in other ways." 

Increased study of these rocks has brought to Ught many 
facts not accessible to the earlier writers, and has thrown such 
additional light on the subject as to necessitate the rejection 
of some of the earlier conclusions. 

We will cite the occurrence at numerous horizons of a wave- 
like structure of the limestone^ This is a marked feature from 
the Point Pleasant beds to the very top of the Cincinnati rocks, 
and has attracted the attention of ail students of this series. 
These were not thought to be the result of wave action, because 
they were chiefly found in limestone, and limestone being a 
deep-sea deposit was beyond the reach of such agencies. 

Speaking of this wavelike structure, Prof. Orton says:' 
"This peculiar structure was noticed by him (Dr. Locke) in 
the upper beds of the formation, but it is an even more strik- 
ing characteristic of the rock in its lower beds as shown in 
the river quarries of Cincinnati or in the lowermost 100 feet 
that are there exposed. * * The waved layers are overlain by 
shale in every instance. Dr. Locke's explanation of these facte, 
involving a tluid state of the carbonate of lime and sheets of 
shale falling in 'vertical strata' through the deep seas, seems 
entirely inadmissable." 

"The only other explanation thus far proffered (1873) is 
that suggested by the name, viz. ; that the floor of the Cin- 
cinnati sea was acted on from time to time by waves or similar 
movements of the ocean waters. In opposition to this view 

' Geological survey of Ohio, vol. I, p. 377. 
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it may be eaid : lat, that there are many reasons foi beiiev- 
ing that the CincinDati rocks grew upon the floor of a d«qp 
sea* far below the action of surface waves ; and 2Dd, that the 
iimestone layers alone' being thus shaped, is sufficient to set 
aside the explanation. 

"If these inequalities of surface are due to ware action of 
any sort, it is impossible to see why the action shonld be 
limited entirely to the finest limeitone bads* oi the series while 
the soft shales which could so easily register* any movement 
of the waters netyer' exhibit the slightest indication of such 



"While both of these modes of accounting for the facts are 
rejected as entirely untrustworthy, nothing in the way of 
explanation will be offered here, but the suggestion that the 
facts seem to point to a concretionary action as the force to 
which we must look." 

I have quoted Prof. Orton thus fully to show the opinion 
prevailing, as well as hie own, at the time the report was pub- 
lished (1873) — opinions evidently formed under the impres- 
sion that limestones must be of deep-sea origin. 

l>r. Newberry, however, with that keen sagacity in the inter- 
pretation of geological phenomena for which he is so widely 
known, differed most radically from the generally accepted 
views.' "The earthy limestones of the Hudson period indicate 
a shallowing and retreating sea — an approach to land condi- 
tions, and the completion of one cycle of dDposition." 

Interspersed among the strata are found, besides those com- 
posed of (inc-grained compact limestones, others that are 
made up almost entirely of fossil remains — sometimes fairly 
cemented together, at others scarcely at all, so that on the 
slightest exposure to the weather they disintegrate and crum- 
ble apart. In such strata an unbroken or nearly perfect fos- 
sil is rarely found. In other places strata of considerable 
thickness are found, largely composed of the valves of 
Strophomena, etc., lying up against each other at an angle to 
the plane of stratification and almost devoid of cementing 
material. There are still others, usually of an earthy charac- 
ter, that are full of peculiar markings that have been variously 

• Italics are mine.— N. W. P. 

o Italics sre mine and will be referred to further on. 

' lieoloffkfll Hurvey of Ohio, vol. i, p. fil. 
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interpreted as trails of anoelida, molluska, etc., and the im- 
presflionB of fucoida. Still further examinatioD has disclosed 
markings such as might be made by trickling water, others 
that look like mudcracke, and bo on. 

These have been more particularly noticed in the vicinity 
of the wave-mark horizons, and haver led Shaler of Kentucky, 
and Prof, Jos. F. James, to the conclusion that they indicate 
ancient beach-marks. The latter, in a paper which appeared 
in "Science," March 20, 1385, vol. v. p. 231 et seq., speaks of 
all of these, and concludes that there are at least two well 
defined beaches and probably others not yet discovered. To 
account for these he assumes as many alternate upheavals 
and depressions of the ancient sea bottom, but says nothing 
to imply that he does not believe the general condition of the 
Ma to have been a deep one. To substantiate his opinion of 
the littoral character of these two or more horizons, he gath- 
«rB together many evidences not before published, I believe, 
and sustains his argument in a masterly and convincing 
manner. 

My own attention was especially called to the study of the 
physical history of these rocks three summers ago when I 
found in an exposure on the Four Mile creek, near Oxford, 
Butler county, 0., a slab about fourteen inches in length by 
nine inches broad, beautifully covered on one side with unmis- 
takable rain-drop impression8.(Fig.l)ThiB slab was of limestone 
of the average grade of purity found throughout the Cincinnati 
group, and was an exceedingly interesting specimen. Both 
above it and below it were strata bearing the "dumb-bell" fos- 
sil, and filled with trails and other markings, all of which 
seemed indicative of littoral conditions. But to make the 
flonclusion positive it seemed necessary that other concurrent 
testimony be adduced, such as wave-marks, rill-marka, mud* 
cracks, etc., and I have devoted myself at intervale ever since 
to collecting such evidence. 

Dr. F. W. McFarland, then president of Miami University, 
upon seeing the specimen, at once recognized its value and 
importance, and moat kindly volunteered to run a line of 
levels from some established bench-mark to the horizon from 
whence the rock came. Previous to this the village of Oxford 
had sunk an unsuccessful gas- well near the C. H. & I. depot 
which had given us a complete geological section from near 
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the top of the Cincinnati serieB down into the Calciferou» 
eandrock. Choosing the railroad levels at the depot as his 
bench-mark he and his class in engineering ran a line of levels 
to the spot where the stone was found — a distance of about 
five miles — and we were thus enabled to locate the horizon 
with great exactness and found it to be within a few inches of 
600 feet above the top of the Trenton limestone. In this 
estimate the 50 feet of dark shaly stone found in the gas-well 
section, supposed to be the equivalent to the Pt. Pleasant beds, 
were regarded as not belonging to the Trenton and are in- 
cluded in the figures mentioned. 

Frequent visits to this locality, known as "Smiley's Dam,"^ 
have always resulted in finding other specimens of raindrop 
impressions. 

Some time later, having interested Mr. David McCord of 
Oxford in ray ^rk, we visited together a locality known as 
"Little Four Mile." The stream was perfectly dry, affording 
an excellent opportunity of examining its bed. At a place 
known as Ridenour's Mills the bed consisted of a succession 
of large stony floors — often fifty feet square or more — com- 
posed of successive strata of compact limestone. Qoing U|^ 
stream from Ridenour's Mills we found almost every stratum 
distinctly wave-marked. The waves were of all sizes from 
what would correspond with the gentle roll of the sea, indi- 
cating comparatively deep water, and having their ridges 
many feet apart, down to the tiniest Uttle ripple-marks that 
could only have been formed in the shallowest and most cir- 
cumscribed pools. These wave-marks differed in direction in 
different strata, but were, with the exception to be noted, all 
in very pure limestone. Some of the strata were composed of 
the very finest and homogeneous material of a deep blue color, 
while others, equally hard and compact perhaps, were made 
up of criuoidal and shell-iragmentB — the limestone sand of a 
former beach. Here as elsewhere throughout the Cincinnati 
group the limestones alternate with strata of shale. I was 
much interested in finding in this shale also distinct ripple- 
marks. I have a photograph made by Mr. William McCord 
from specimens collected by his father, Mr. David MeCord, on 
this same trip, which represents the ripples about three-quar- 
ters theirnaturalaize.(Fig.2)Ithinknooiiecan look upon these- 
and other similar specimens collected and doubt their origin. 
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I have fontid equally good ripple marks in the shale at other 
horizoDS, bat perfect as these are they are scarcely more so 
than thoee found in the limestone strata at a dozen or more 
horizons exposed in the bed of this earns creek. I know of no 
locality where the evidence of former wave action can be 
studied, on so large a scale and to such good advantage, as in 
the bed of this creek when it is dry. In making such a study 
one also becomes familiarwith many otherindications of shal- 
low water deposition, which if seen alone would not warrant 
this interpretation, but associated as they are, seem to permit 
of no other construction. These have been invaluable to me 
in my later work, but while I can not regard tbem when alone 
as positive evidence, yet they are presumptive proof which 
amounts almost to certainty when two or more are found 
together. 

Prof. C W. Hargitt, having been appointed to the chair of 
Geology and Biology at Miami University, becoming ac- 
quainted with the work I was eng^ed in, became quite inter- 
ested and visited with me many o the localities where expos- 
ures of espeoial interest were to be found. I had not yet 
found mud-cracks, but he had, and at my request sent for a 
photograph of the same. He also kindly wrote a description 
of the specimen which I quote in full. 

"A rock measuring 17x26 inches (approximately) was 
obtained from the Lower Silurian of Dearborn county, Indi- 
ana, at about 600 feet above the base of the Cincinnati group, 
as estimated from the surveys of the O. & M. R. R., and from 
measurements taken from the Lawrenceburgh gas-wells, thus 
making the horizon at which these evidences are very marked 
about the same as that of the raindrop impressions, etc. 
This stab (mud-cracks) is now in the museum of Moore's 
Hill College, Indiana, where it can be seen at any time. By 
chemical tests it proved to be a good quality of limestone, as 
is much of that found in the same region." (Fig. 3} 

Referring to the italicized portions of the quotation from 
Prof. Orton, which express reasons why some of these phe- 
nomena are not what they seem to be — Prof Orton says that 
"the limestone layers alone being thus shaped is sufficient to 
set aside the explanation," viz. : that the wave-like structure 
was due to wave action. We have found that the ripple or 
wave-marks are not confined to the limestone strata ; we have 
found several horizons where they occur in shale. 
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He also aays : "If these inequaliUes of Burface are due to 
wave actioQ of any sort, it ie impossible to eee why the actioa 
■bonld be limited entirely to the finest limestone beds of the 
series, while the soft shales which could so easily regitter any 
mOTemeot of the waters never exhibit the slightest iodicatioDi 
of such agencies." 

The wave-marks at Ludlow, Ky., which have crests some 
six or seven inches high and whose distance apart is three or 
more feet, are in limestone not of the finest structure, bat on 
the contrary of very coarse structure. They are almost wholly 
made up of the fragments of crinoid stems and other equally 
eoarse debris. This is ^so the case in many other localities 
visited where waves of similar size were found, though they do 
also occur in the finer limestones, as in some of the horizons 
in the Little Four Mile creek. 

His statement that the soft shales "could so easily register 
any of the movements of the water" does not seem to me to 
be in accordance with good reasoning. It would seem rather 
that they could register the movements of the water only in 
exceptional cases, such as in very small and shallow pools 
where the agitation of the water could not become sufficient 
to keep the very light earthy matter in suspension. Where 
the waves were larger this material (the shale) would if pre- 
viously deposited be taken into suspension by the agitation of 
the water, and if in suspension would remain so until the 
movement of the water completely subsided when it would be 
slowly deposited in a regular layer, covering up the heavier 
limestone which had kept a record of the movement. Such 
would seem more plausible and entirely in accordance with 
the facts as we have found them. lu the shales such mark- 
ings could only be made and preserved under a concurrence 
of exceptional circumstances, and I therefore look upon their 
discovery as a fortunate and important one, instead of one to 
be expected. 

His suggestion that concretionary action was probably the 
cause of these so-called wave-marks, must, I think, from the 
evidence of the waves themselves, fall to the ground. 

While some of these markings are found in a very fine- 
grained and homogeneous limestone under conditions where 
concretionary action might be looked for, yet the majority-, 
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especially of the larger wavea observed, are in limestoDe com- 
poeed of coarse well defined fragroents in which such action 
would not be possible. We also find that where the waves 
occur in the finer grained limestone the etratification remains 
quite as distinct as in similar strata not thus marked. Had 
concretionary action taken place these lines must necessarily 
have been obliterated. This may be sufficient, but fortunately 
much other evidence is at hand to show that at times, at 
least, the sea was shallow. 

A more extended study of the river quarries near Cincin- 
nati, with but few breaks up to the outliers of the Clinton 
limestone in Preble county, has shown a great number of 
horizons that bear evidence of shallow water conditions. If, 
therefore, we accept Prof. Shaler's and Prof. James' theory 
that each beach-mark represents a period of elevation suc- 
ceeded by one of depression, we must believe in such frequent 
recurrence of these movements that there should certainly be 
left some evidence of them in the strata, such as faults, meta- 
morpbism, etc. These have not been observed as far as we 
know, and it appears to the writer that such a theory is 
entirely unnecessary and has been promulgated because of the 
difficulty to completely break away from the old assumption 
that limestone is necessarily the product of a deep sea. It 
would appear that the only foundation for such a theory is 
the fact that above each of these "beach-marks" pure lime- 
stone strata are found. 

The most striking feature of the Cincinnati aeries from its 
base to its top, is the very regular alternation of strata of 
limestone and shale. Each stratum is sharply defined — there 
is no gradual merging of one into the other. Each limestone 
stratum is nearly pure carbonate of lime and magnesia and is 
succeeded by a stratum, calcareous to be sure, but as different 
from the former, and the plane of conformity as distinctly and 
as sharply marked, as though the conditions of deposition 
were not only entirely different, but were instantly, not grad- 
ually, changed. With the older idea of deep-sea origin of the 
limestone and a shallow-sea origin for the shales, we would 
have to assume a long and regularly recurring series of 
cataclysms to account for the structure observed. Such a 
theory is so at variance with geological concepts that I am not 
aware of its ever having been soberly advanced. Hardly less 
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absurd ia the statement that "the shale is undoubtedly due to 
the wash of the shores brought there by the moving waters." 
When we remember that Ciocinuati, where this peculiar struc- 
ture is observed in all its perfection, was hundreds of milas 
from the nearest shore line, we see the di^culty in the wa.y of 
this theory. It is also insufficient on other grounds, for if it 
came from any such source and was gradually deposited, we 
should have instead of the pure limestones with sharp defini- 
tion, strata varying in composition from nearly pure carbon- 
ate of Ume, and passing through all degrees of mixture until 
the purest shale was reached and vice versa. 

Analyses show that at Waynesville, a sample of the lime- 
atone contained 96.56?^ of the carbonates of lime and magne- 
sia, whereas analyses' of shales from the same locality give 
the following result : 

Wayneaville. Sycamore Hill. 

Siliceous matter 69.90 81.50 

Alumina and iron 10.24 9.00 

Carb. lime and magnesia. .14.46 6.04 

Potash and soda 5.40 

Phosphoric acid 0.16 

We think both of these theories are untenable and unworthy 
even of second thought. We believe that any theory that 
does not account for the synchronous deposit of both will fail 
to answer all the conditions of the case. We believe that the 
limestone and the shale must have originated at or near 
where they are found to-day, and it is as reasonable to claim 
a foreign origin for one as for the other. The assumption of 
a shallow water origin for one, therefore, involves a like origin 
for the other. If we assume a condition of shallow water 
extending throughout the Cincinnati epoch, and the bed of 
that shallow sea to have been inhabited by a dense anim^ 
life as we know it to have been, and also assume a luxuriant 
flora at the same time we have all the conditions on which 
to base an explanation of these alternating strata of shale and 
limestone. The animal life obtained its lime &om the water 
in which it lived and the plant life obtained its mineral matter 
from the same source. The dead shells, through constant 
attrition and grinding, were partly reduced to the finest pow- 
der and held in suspension by the agitated water, until, 

•Wormley. 
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"through transportation to quieter parta, the}r were alloired to 
settle. The mineial conBtituentB of the decayed plants had a 
somewhat siimlar history, though being in an almost inpalpa- 
ble form would remain in suspension longer. If this were 
true and all that occurred, we should find the lower portion 
of each stratum of stone nearly pure carbonates of lime and 
magnesia, but gradually merging into a nearly pure shale at 
the top. But we have assumed a shallow sea, whose bottom 
wag scarcely ever free from the jigging action of surface 
waves. This action would gradually sort the constituents of 
the last-deposited stratum according to size and specific 
gravity. This stratum would eventually be sharply divided 
into two— according to the character of its constituents — the 
bottom layer being composed of mechanically triturated frag- 
ments of shells. 

This theory does not imply a limited or definite time for 
the formation of the two strata, for after being once deposited 
they may both have been many times taken into suspension 
partially, at least, by more violent disturbances of the water, 
and again deposited. Each repetition of this redeposition 
would tend to mark more sharply the line between the two. 
Finely ground limestone suspended in water tends upon set- 
tling to become quite compact. The writer has experimented 
on this and has obtained a firmer mass by the mere action of 
gravity than he could obtain by compressing the same mate- 
rial by hydraulic power under a pressure of five tons to the 
square inch. 

We may suppose that the purer limestone, separated out as 
above, may have formed a stratum unacted upon by the gen- 
tler movements of the water, while the overlying shale was 
still being kept in motion. In this way the limestone stratum 
might continue to increase in thickness for long periods of 
time, retaining its great purity and always leaving a well 
defined surface upon which the overlying shale might be com- 
pacted when a favorable opportunity, long enough continued, 
should arise. 

This shale, should it be allowed to settle thoroughly and 
remain sufficiently long in this condition, might become 
coherent enough to resist the further jigging action of the 
water. A new deposition would now commence and after 
passing through the same stages we should have two more 
strata — one of limestone and the other of shale. 
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This does away eatiiely with the deep-sea idea, 
does away with the transportation theory to account I 
Bhale, which Heems under the circumstances to be nol 
borne out by the observed facts. It, iiowerer, assi: 
shallow sea, even at times extending to land conditions 
sea must have been in nearly all parts shallow enough 
affected at its bottom by surface waves, and in man} 
shallow enough to leave the imprint of these waves in c 
ters so strong as not to be easily misunderstood. 

That the constituents of the strata must have bee: 
inally derived from the land, is undoubtedly true, bu 
came in the form of solutions, and not, as some have sup 
. in finely divided particles transported by streams. 

The necessity of numerous alternate upheavals and d 
sions of the forming continent is no longer apparei 
another factor seems demanded, viz : a gradual sinking 
area during this period. My own idea is that this si 
about kept pace with the upward growth of the strata, s 
except in a few instances which might be cited, the ger 
shallow character of the water was not much changed 
near the end when the great upheaval that gave rise 
Cincinnati axis put a stop to further aqueous growt 
changed the condition from — shall I say an amphibii 
one of dry land? 

If this reasoning be correct, every stratum of lime 
with its accompanying shale constitutes indubitable pr 
a shallow sea. How deep this sea may have been in its 
est portions it is impossible to tell, but as I am told 1 
lake Erie pilots that after storms on the lake the whole 
of water becomes muddy, we may conclude that portii 
the Cincinnati sea may have been at least as deep ai 
Erie. 

Cincinnati, Aug. mh, 1889. 



The Spanish term adobe has been adopted by I. C. It 
as a scientific designation for the peculiar superficial < 
eous clay, or loess, that is generally distributed in the v 
of the "arid regions." It is extensively used by the Ii 
and the Mexicans in making sun-dried brick. — Oeol. 
July, 1889, p. 29], 
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ON SOME PAI.JB020IC 08TRAC0DA PROM 

PENNSYLVANIA, U. 8. 

By FmaFmoB T, RDrut JoHU, 

F. R. B., F. G. B., Comap. Hemb. Acad. SiX. Bel., PbUadalphU, Ac., Ac. 

[WItb Fl«t«>]. 

A collection of Palieozoio Ostracoda, collected by Prof. E. 
W. Ctajpole, F.O.S., of Buchtel College, AkioD, Ohio, daring 
his work on the Geological Surrey of Pennsylvania, having 
been sent to me by him for examination, the present notes 
and plate are supplied for their identification. 



1. BithOGjpiia famlOM, ) 

i. BoUla DDCuIa, i Lower Devonlao. 

a. Prlmltla peHDajlTaulca. > 
II. SllDrlan. 

1. Bf (hoOTprta OTlfarmti, i 

2. LeoerdlUa inbqaadiata. > Lowar Baldeibati. 
S. KlcBdealm p«iiiU7lTaslc&. > 

I. Dbvoniam Spbcibs. Figs. 1, 2, 10-16. 

I. PRIMITIA MUNnULA JotieB. 

Some of the soft, brownish, mottled, argillaceoas limestone 
of the Upper-DeTODian Chemung-Catakill shales at King's 
Mill, Perry county, PenoBylvania, abounds with Primitia 
mundvla, varying in size, and more or lees in ontline, aud in 
tfie proportions of the sulcus. Some are only .75inin., or less, 
in lengthy the largest are 1.25mm. long and beautifully retic- 
ulate. These closely resemble some from the Lower-Devonian 
strata of New Brunswick,' but are rather longer in proportion 
to the bight. In a letter Prof. E. W. Claypole refers to this 
rock as a rough, rudely stratified ehale, with the Entomostraea 
{PrimUia) in little nests between irregular layers of the shale. 

"With these Primitia hero and there occur some small 
white bivalve shells, mostly subtriangular, and all bearing 
concentric ridges, rather wide apart. They are mostly smooth, 
but some show traces of delicate reticulation. Hence there 
is some resemblance to Eatheria, but there appear to be more 
than one kind, and several have a strong vertical depression 
OP sulcus just below the umbo. Their alliances are obscure. 

* This plate was drawn with the ^d of a grant from the Royal Society 
of London. 

■ Bach as figs. 1 and 2, a. b. pi. 16, "Ann. H^. Nat. Elet." Ser. 6, 
Tol. Ill, 1889, p. 37Q, &c. 
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). KIXBDENIA SIlfPLEX. Sp. HOT. Fig. 14. 

This small Hiibqundrate valve, represented by a cast only, 
has at first sight the look of a Primitia, but the charact«ri»— 
tic sulcus is waoting, and an isolated tubercle or minute lobo 
occupies its place. Possibly this may be a. young individual 
oi ^itiiQT & £lcedenia or a Beyrichia. The Beyrichian lobes 
and sulci are not developed ; and it may be possible that the 
litt^lobe is that of a Klcedenia, very near the dorsal margin, 
but more than usually isolated. The nearest published form 
is one of the Acadian specimens of Beyrichia kketleni, vat. 
acadica Jones. "Ann. Mag. Nat. Hist." spr. 6, vol. m ( 1889) 
p. 380. pi. 17, fig. 4; but the individual under notice has, I 
think, a closer alliance with Klwdenia than with ^cyricAia, 
the little subcentml lobe being nearer to the dorsal margiD, 
and the other lobes less developed, than in the Acadiau apeci- 
men. Kl. simplex is in the dark mr>tt1ed limestone from the 
Limestone-shales of the Chemung-Catskill beds (Upper Devo- 
nian of the U. S.), at King's Mill, Perry county, Pennsylvania, 
]. BYTHOCTPRIB PAVULOSA. Fi);B. 1 and 2, a. b. c. 

These small specimens are only casts, and are doubtfully 
referred to Bythocypria. as the genus most convenient to 
receive them according to their suboviite-obloug shape.' The 
hollow cast, %. 2a, and another similar but imperfect cast 
show a coarsely reticulate or honeycomb-like structure (figs. 
2b, 2g), which holds the place of the external surface of the 
valve. This is not an unusual ornament of some ostracodona 
valves ; but it is here very coarse in proportion to the area of 
the valve, and it is unusual in such simple cypridifonn 
species as the Byihocypris, &c. One specimen is aboqt 
1 mm., and the other a little more In length. From bufT-col- 
ored non-calcareous shale of the Marcellus limestone,' Perry 
county. Pa., near New BloomSeld. 

4. BOI.LIA UNOULA (Clajpole MS.) Figs. 10-13. 
For notes on the genas Bollia, see "Ann. Mag. Nat. Hist." 
ser. 5, vol. xvii (1886), pp. 360 and 406. Prof. Claypole's speci- 
mens are weU preserved oasts in buff-colored, non-calcareoofl 

■ For tiame other P&lieozoic OBtracodee referable to this geaUB, Me 
the "AnnalB and Mag. Nat. Hi-t." ser. 5. vol. iviii (1886), pp. 260, Ab. ; 
and vol. xiK (1m87), pp. 184, Ac. 

*Ia ihe Humilton group of the Upper Helderberg (Middle Devonian 
of the D. 8). 
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abales front the Marcellua limestone of Perry county, Penn- 
sylvania (near NewBloomfield). There are several, and they 
yary from 1 to 2^ mm. in length. The proportions of some of 
the hest are given in the figures 10-] 3, magnified fifteen diam 
etera. In some respects they resemble Bollia lata Hall ;* but 
they are larger, and tbe central curved lidge is much thinner 
at its curve, whereas in the specimens from New York state 
the curve is thicker just there, and is not bo symmetrical 
^throughout as in the Pennsylvania specimens. Hence I pre- 
fer to regard the latter as specifically distinct, and to adopt 
Prof. Claypole'a MS. specific name (having reference to the 
hoof-like ridge), than to refer them to Bollia lata. A hollow 
east of the outside, and one presumably perfect valve give 
evidence of a smooth exterior. 

The slight variations in the shape and proportions of the 
curved subcentral ridge and of the marginal ridge are well 
■howa in the figures 10-13. 

J. PRitfiTiA PBNNSYLVANICA. Bp. nov. Figs. 15a, I6b. 

Another small ostracod, 1 mm, occurs in the buS^-shale of 
the Marcellua limestone, from Perry county, Pa. Relat^ to 
Primiiia mundula Jones, ("Ann. Mag. Nat. Hist." ser. 2. 
yol. XVI (1855), p. 174, pi. 6, figs. 28 to 31), it is, however, 
^uch more oval than any there figured. The dorsal is even 
more arched than the ventral margin, and curves downwards 
anteriorly more rapidly than it does behind. The sulcus, 
well defined, and bordered on each side by a distinct ewelling, 
is much nearer to one end than the other of the valve, not 
quite at its highest convexity, but very near the greatest curve 
of the dorsal edge. 

Note on a ipecimen of oolitic limentom from the Marcellut uritt Perry 
county. Pa., vikieh ateompanied the foregoing »pecimeni. Bv EonABD 
Wkthered, Ei*q„F.G.S., F.CS., Ac, &c. 

When Been hb a liBDd specimen, this rork proDaieed well Tot an 
intereBting microecopk slide. Oolitic granules were clearly defined; 
but the anticipations as to well preserved atrui-ture were not rexlized. 
The rock was soft to grind, and a certain amount of cleavage was 
apparent. The eections showed the oolitic granules in an argillaceous 
koatrix. with very minute Kfainx of detiit^ material. The granules 
■honed the uaiial roncentric utructure, but there was an absence of a 
nuclene, which in the British Jurassic oohtee and Carboniferous oolitic 
limestone is a feature. The granules are ferruginous i I rather suspect, 

*PalieontoliiKy of New York, vol. ii, 1k52, p. 301, pi. A 66, flgi. 
10a, b, d (not figs, c and o), also some in the British moseum. I may 
bere mention that I have to refer lata and tymmetriea to BolUa, and 
iptnoia to jEehmina. 
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boweTGT, that they were not originally so, bat that the oxide of iroa 
has replaced the original carboDate of lime. In short, my imprassion 
is that the rock was once a calcareous oolite, but in the course of xiina 
baa been altered by pressure and chemical changes. In this wa;y the 
orieinal etracture of the grannies has been modified, and their 
nnclei have disappeared. When tested with hydrochloric acid, con- 
siderable effervescence takes place, due to the presence of carboziat« 
of lime ; but the rock as a limestone is impure. 

II. Silurian Species. Figs. 3-9. 

I. BYTHOCYPRIB OVIFORUI8. 8p. noT. Figs. 3a-3c. 

Carapace, very amall, about .66mm. long, almost egg-abapad, 
bat UDequally convex on the upper and lower mai^ins, and 
too mncli narrowed and compreaaed anteriorly to be truly 
ovate. Ttie left valve is by far the larger, aa in Byikocyprisf 
and the dorsal edge of the left valve is much thickened in the 
middle, where it atrongly overlaps the other valve. The sur- 
face is minutely punctate. Another, rather smaller, epecimen 
(imperfect) occurs with the same superGcial ornament. 

From the dark-colored Lewistown shaly limestone of tbfe 
Lower Heldeberg group, Perry county Pa., and probably 
equivalent to the "Ludlow" beda of England. 

^ a. LEPBRDITIA 8UBQUADRATA. Sp. nov. Figs. 4a-4d. 

This very amall carapace, aubquadrate in outline, and mod- 
erately convex, shows the ventral overlap diatinctive of 
Leperditia. In outline and contour it somewhat resembles 
L. nana Jones, ("Ann. Mag. N. H." ser. 3, vol. i (1858), p. 
244, pi. 9, fig. 12 ; L. canadensis, var. nana, op. cit. 1881, p. 
343) ; but its ends are more aemicircular. In Dr. James 
Hall'a Lep. {Isochilina) minutissma, "24th Report State 
Cabinet, N. Y." 1872, p. 231, pi. 8, fig. 13, and "Geol. Survey 
Ohio," vol. II, part 2 (1875), p. 102, pi. 4, fig. 4, the ends are 
unequal; bia Z. hudsonica is like it in outline, but is larger 
and much more convex. Another little Leperditia {L. ovata 
Jones "Ann. Mag. N. H." ser. 3, vol. i, 1858,' p. 252, pi. 10. fig- 
14) is known from Penneylvania. It is from a lower horizon 
and is more ovate and convex. The shape of the Carbonifer- 
ous L. scotoburdigalenais (probably a dwarf form of L. okeni) 
also approaches that of the specimen under notice, but it is 

'Alluding to this paper and plate, I may mention that figs. 15, 16, 
17 and IS are all BeyncMa ^enntylvaniea; but fi^. 16, 17 and IS are 
destitate of the marginal fringe, which, present in fig. 15, led to the 
mistake of the figure being referred to B. maccoyiana. See also "Ann. 
M. N. H." Ber.5, vol. xvn (1886), p. 3*7, note. 
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l&rger, more convex, and usually bears either the muscle-spot 
or the eye-tubercle. 

Only two Bpecimena of Li suhquadrata have been noticed. 
They are from .75 to 1 mm. in length. From the before men- 
tioned dark-gray Lower Helderberg limestone of Perry county, 
Pennsylvania. 

3. KI.aU>BNIA PENNSYLVANICA. 8p. nOT. FigB. 5-9. 

Numerous specimens of a Klcedenia, near to Kl. notata 
<Hall}, occur in the dark-colored Lower Helderberg limestone 
from Perry county, Pa. They vary from about 1 to 2 mm. in 
length. Prof. Claypole referred them to Dr. James Hall's 
Beyriehia notata, but I find from good typical specimens of 
this species that its valves are larger, and more nearly 
approach thoa* of Klmdenia wilckensiana, though the lobes 
and sulci are not so strongly pronounced as in the latter. 

In the Pennsylvanian species the middle lobe is narrowed 
by its two, short, strong, parallel, lateral sulci ; herein differ- 
ing from both of the other species alluded to. 

Th« figures exhibit the chief variations in outline and pro- 
portions of parts. la figs. 7a an J 9 we see a faint sulcation 
of the hinder lobe, analogous to the posterior furrow in figs. 
17, 18 and 19, of plate 6, "Ann. Mag. Nat. Hist." sei. 2, vol. xvi 
(1S55). This feature is strongly emphaBized in Kl.plicata 
Jones op. cit. figs 20, 21 ; and op. eit. ser. 5, vol. xvn{ 1886), pp. 
347 and 362 ; and ser. 6, vol. i (1888), p. 398. A faint indlca^ 
tion of a delicate reticulation is observable on the surface of 
some speclmeDS. 

BXPLAMATION OF PLAtE. 

Fig. 1. BalhoeypTUfavMlo»a,ap.nov. Gaat of the inside of a right 
valve; x 15 diam. 

2. B. familota, sp. nov. a, hollow cast of the outside of right valve ; 
X 16 diam. ; b, ajipearance of the ioeide of the liollow cast, x 4ri diam. ; 
e, reversed drawing of 2b, Bhowing it as the original letioulation ; x 40 

3. B. tmiformit, Bp. nov. Complete carapace, a, shoving the right 
valve and edges of the left valve ; b. showing the left valve ; c, the 
dorsal aspect; d, posterior aspect; all magnilied 40 diam. ; «, ontline 
«f the carapace, x 15 diam. 

4. Leperdilia Mabqtiadrata. sp. nov. Complete carapace, a, show- 
ing the Mt valva; b, dorsal aspect; e, posterior aspect; all x 40 
diam.; d, outline of carapace, X 16 diam. 

6-9. Kladenia pentitylvartica sp. nov. All magnified 15 diam. 5a, 
complete carapace, with the leftvalve outwards; 56, right valve; be, 
ventral aspect : 5il, end view; 6, left valve; 7a. carapace showinR the 
right valve ana the edges of the other; 7b, ventral aspect; 8, a large 
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left valve ; 9, a left valve, showing (like tig. 9) a faint oblique aolcna 
OB the ptwterior lobe. 

10-13. BoUia un^uta (Glaypole MS.) Internal casts. M^n. U 
diam. 

14. Kkedenia « implex, sp. nov. Internal cast of right valve, k 15 
diam. 

15. PHmitia penmylvanica, sp. oov. a, iDternalcaatof aleftvalTs; 
b, edge view ; x 15 di«ni. 

Fig. Ilia from the mottled Devonian limestone shale at King's Hill, 
Perry countv, Pa. 

FiKS. 1, 2,' 10, 11, 12, 13 and 15 ore from the bnff abate of the Marcel- 
loB liinextone of Perry county. Pa. 

Figs. 3, 4, 5, 6, 7, 8 and 9 are from the dark-gray Ix>ver Helderboix 
limestone of Perry county, Pn. 
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Recent work in tbe Archasan rocks in the Northwest hu 
shown that the Huronian system ha^ been variously under- 
stood by geologists working in the different states and in the 
Dominion of Canada. This difference of understanding con- 
cerning an important series of strata of the earth's crua^, 
resulting in differences of nomenclature, prompts me to offer 
to the Society some remarks on the methods pursued by the 
difTerent investigators, and a comparison of them and their 
results with the methods and results arrived at by more recent 
research. 

What is the Huronian? It will be in accordance with the 
equities of scientific nomenclature to accept the definition -of 
the Huronian as given by the originators of the name as they 
finally left it. It was first named by Sir Wm. Logan and Dr. 
T. Sterry Hunt jointly, in a small pamphlet published in 
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French at Paris iD*1855.' This was thirteen years after the 
geological surrey of Canada was begun, and one year later 
than the use of the term by Mr. Murray, although Mr. Mur- 
ray's reports in which the term was first used were not offered 
for publication by Mr. Logan till two years after the publica- 
tion of the French document.' It is evident, however, by 
an examination of this French document and of some of Dr. 
Hunt's later references to the Huronian system ' that the 
Authors of the term intended only to apply an American des- 
ignation to what had been styled Lower Cambrian in Europe, 
— i. e., to designate a formation intervening between the Siln- 
rian (as claimed by Murchison) and the fundamental gneiss, 
or Laurentian. Such rocks had been examined on the north 
■hore of lake Superior by Mr. Logan in 1846 and on lake 
Huron in 1848, and by Mr. Murray in 1849 on the north shore 
of lake Huron. So far as possible to understand the descrip- 
tions of Logan and Hunt, and of Logan and Murray, whether 
we examine their sections in the geological reports of Canada, 
or their general statements in the French document, or even 
the later descriptions and discusBions of Dr. Hunt, the origi- 
nal idea of the Huronian covered that stratigraphic interval 
long known as "Lower Cambrian," which Dr. Emmons named 
Taconic, and which at a later date furnished primordial fos- 
sils in England to reward the acumen of Joachim Barrande. 
In all this seriea of strata there is nothing that can be cor- 
rectly called crystalline. This is verified by Murray's sec- 
tion of the Huronian printed in his report for 18.^6,* as well as 
by the general section of the Huronian system published in 
1863 by the Geological Survey .of Canada.' This idea of the 
Huronian on the part of its authors seems to have been 
adopted by the English geologists from the outset, and has 
continued to be held by them to this day, and they conse- 
quently do not recognize the term in their nomenclature, 

'Exquisse c^rjlngiqiie ihi CanaiU, 1855. PariB. Par W. E. Logam 
BtT. Sterry Hunt. pp. 20-37. - 

'The liret nae of the tTm Huronian series, so far as I have been 
■bl« to learn (rom the Cflnadian reports, wan by Mr. Murray in his 
report ti>r 18">4, p. 125. Mr. Logan employs the term ''Huron Cnpri- 
lerouH formation" in 1857. Brit. Asso. Bep. of Trans, of the eectioos, 

p. ei>. 

'Am. Jour. Sci. vol. tlti. p. 184. (1870). 

'Geological survey of Cana'la. Report of progress for the years 
1B53-54-55-56. Toronto. (1K57.) p. 172. 
'Geology of Canada, 1S63. 
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tdlowing the term Lower Cambrian to sapply 
covered by it. Another point sboQld be menti 
nectioQ with this original idea of the term Huron: 
is distinctly avowed ' that the Huronian embrac 
canio formations of the shores of lake Superior, 
made the parallel to the trap and associated quar 
north shore of lake Huroq. The geological map 
panies the French document has the Keweenawan 
the shores of lake Superior, at Thunder bay, and o 
colored to represent the Huronian, the same a 
shore of lake Huron. This embraces the traps ai 
erates and the amygdaloids as well as the Anim: 
Thunder bay with their associated greenstones, 
nian is said, unqualifiedly, to rest unconforma 
Laurentian. This view of the Huronian seems 
tinued in favor till 1862. 

In the Quarterly Journal of the Geological Soc 
don (Nov. 19, 1862), appeared a contribution by 
"On the Cambrian and Huronian formations," 
played a very important figure in its effect on tl 
and geology of the Huronian formation. At vj 
Dr. Bigsby had contributed important artic 
older rocks of lake Superior and of the region fu 
west, and his opinion and authority, with EngUe 
dian geologists, stood in such high esteeni that 1 
one who would venture to question his conclu 
they were at variance with those of Logan, Sir Ri 
chison, Dana,' and nearly all thegeologietswhoh 
an opinion on the subject, Dj. Dana going so d 
that the true Cambrian formation did not exii 
America ; the same interval being covered, as remi 
Bigsby, by the Huronian, "as a substitute in pli 
time." Still, after taking a wide survey of the H 
the Cambrian, in the light of the conceptions wj 
of them. Dr. Bigsby reached the- conclusion that 
the same, but that the Huronian differs marked 
Cambrian. He placed it on the same plane aa 

'Canadian Natnralist. vol. i. 1866. p. 16; Eaquissi 
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Asoic Qroup of Norway," and greatly anterior to the Cam- 
brian. 

The idea Dr. Bigsby entertained of the Huroniaii, while 
professedly based on the original descriptions of Logan and 
Marray, is widely variant from them. He referred to, and 
used such parts of their descriptions as suited his purpose, 
but derived (more largely probably from his own observations 
about the Lake of the Woods) a "Hnronian" Aiat agreed more 
nearly with that system of rocks which has more recently been 
designated Keewatin, a Beries of greenish schists, greenstones 
and gray-wackes, with some argillytes and agglomerates. 
With that facility which has at various times marked the 
versatile perceptions of Dr. T. Sterry Hunt, this idea was at 
once accepted by him, and arged as the correct expression of 
the Hnronian system,* and it is probaHy due largely to his 
writings that the"greenBtone"ideaof the£[uFoman was widely 
received and accepted favorably by geologists in North Amer- 
ica. 

' Still a different idea is at present entertained by the 
officers of the Canadian Qeological Survey. Perceiv- 
JDg the necessity of admitting into the Huroniao the 
non-<:rystalline strata described on the north shore of 
lake Huron, and repeated in 1863 by Sir Wm. Logan 
in the "Geology of Canada," they are forced to extend 
the Huronian system from the bottom of the Silurian 
wherever that may he, or at least from the bottom of the 
Cambrian, wherever that may be, and if it exist at all in North 
America, downward to the "Laurentian," wherever that may 
be. This makes it include not only the original Huronian. 
and the "greenstone" idea of Bigaby and Hunt, (the Urschiefer 
of Norway) but also the true "crystalline schints" of a still 
lower horizon, and so amplifies the term that it well nigh falls 
to the ground from the burden of its own weight.' It should 
be admitted that the extension of the term downward so as to 
include strata not embraced in the descriptions and sec- 
tions published by Logan and Murray (1848-1863) may be to 
some degree justified by the mapping of the Huronian which 

'Geognoey of the Appalachians. A.A.A.B. vol. zx. 1871; Chem. 
and Geol. Egsajrs. p. 266. 

*Tra&a. Koy. Soc. Canada, vol. vi. Sec. tv. p. 3. 1888. Presiden- 
tial address of Dr. Robert Bell. 
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ia eeen in the early Esquiste giologigv 
the geological map accompanying the G 
1863. Those mapa do, in a general wa 
described in the text, nor embraced ij 
ignoring Bome Laurentian areas. The • 
roughly laid off in the maps of Emm 
The deBcriptive text, however, and the 
author intendetf to expresB, should be t 
ing how to interpret him, instead of thi 
designed only to illustrate the idea — n 
If the author's idea be found at variai 
later research, every fair geologist will co 
of the idea. This should be done for t 
no leas than for the correct Taconic. 

We have, then, three conceptions of th 
different times have teen dominant witt 
gists. 

1. The original Huronian of Logan ai 
of fragmental strata, and including the ] 

2. The "greenstone" Huronian of Bi| 

3. The expanded Huronian of the ] 
Canadian survey, embracing some of the p 
and extending downward to the "Lauren 

Principles of Stratigraphy employed 
esting inquiry to seek for the principles ' 
the various geologists in arriving at the 
William Logan, beginning the Canadiar 
Alexander Murray as assistant geologi: 
only in the geology of Canada, butof thf 
nomenclature of the science now in vog 
work done either i n Canada or elsewhere 
little positive knowledge of the compo 
crust, or of the alternation and successio 
then existed. Every rock-terrane beioi 
stone was at first regarded as "primitive 
"metamorphic" strata were recognized ex 
dam sandstone and above the gneiss, th 
generally regarded as "primitive," a ii 

"The Huronian nnanzytes of the TheBsalo 
in MinocBota with ParndozideH and Lin)ni)a. 
MinneBota survey, p.f>5; Ambrican Gboloo 
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▼ague idea of geological antiquity was attached. About this 
time the word Taconic waB applied by Dr. Emmons to a part 
of these intermediate "primitive" strata, which were at first 
regarded as wholly non-fosfiiliferous and comparable to the 
Lower Cambrian of Prof. Sedgwick both in their non-fossilif- 
erous character and in their stratigraphic positioD. The 
unfortunate controversy which grew up between Dr. Emmons 
and his colleaguee on the New York survey easily transgreeeed 
the Canadian borders and involved the officers of the Cana- 
dian survey. From this controversy Logan and bis assistant 
Murray for some years held aloof. He saw in Canada only 
the "Laurentian" under which term he included all the gran- 
ites, .schists, (crystalline and semi-crystalline), also the 
gneisses and gabbro rocks he met with — in short everything 
that he found lying below the Potsdam sandstone." The first 
distinct use of the term "Metamorphic group" by Mr. Logan, 
BO far as I have observed, was in its application to some 
gneisses that have since been included in the Laurentian. 
Indeed Mr. Logan distinctly states" that the term Laurentian 
was designedly substituted for the term Metamorphic series, 
"since the latter is applicable to any series of rocks in an 
altered condition, and might occasion confusion." If i*emay 
form an opinion from the scanty statements that have been 
published as to the principles and motives that actuated the 
authors of the ''Huronian system," we are compelled to state 
that it was their design to give an American name to those 
strata which had in England been placed by Sedgwick in his 
Lower Cambrian. Mr. Logan had seen a great series on the 
north shore of lake Superior in 1846 which, while overlying 
^le "primitive," yet at a later date were seen, on the north 
shore of lake Huron, to lie uaconf jrmably below the "fossilif- 
erous rocks," i.e. the Trenton and Hudson River limestones and 
shales. Ignoring the early attempt of Emmons to supply an 
American designation for this same interval (viz. Taconic) and 
referring to areas in the Northwest which were then and were 
for many years practically inaccessible to the geologists of 
the world, and having the favorable cooperation of all the 
opponents of Dr. Emmons' Taconic, the name that was pub- 
lished in Paris and was subsequently employed in the reports 
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of the Canadian survey, became current in nearly all Axneri- 
caa geological literature. If we examine carefully the reports 
of tbe Canadian survey we fail to discover any description of 
the Huronian, as such, till after 1855. We find do section of 
the rocks on the north shore of lake Huron nor on the aborea 
of lake Superior by means of which a correct idea can be 
obtained of the Hnronian series until 1857," y^t the term 
seems to have been in current use to acme extent since 1854, 
since it appears incidentally in the reports for that year, and 
for 1855. The characters of the rocks of the Huronian, as 
finally and fully published, are given in the geology of Cans- 
da, 1863, pp. 59-66, and their typical area is mapped in the 
atlas accompanying that volume. It is to this authority, 
therefore, that it is necessary to refer, and by this final presen- 
tation must the Huronian stand or fall. It is only necessary 
to say at this place what has been said by Prof. Irving and 
by others who have recently examined these strata, that they 
consist of non-crystalline rock-species — mainly conglomer- 
ates, quartzytes and slates, with some limestone, cut by and 
interbedded with eruptive rocks, mainly dolerytes and 
diorytes. It will be noticed, however, that in this last presen- 
tation of the Huronian an important change waa made in ita 
upward extension. The volcanic rocks of lake Superior are 
set oflF by themselves under the designation "Upper Copper- 
bearing rocks of lake Superior," and are divided into two 
groups, the lower "consisting of bluish slates or shales, inter- 
stratified with sandstones and beds of columnar trap, and the 
upper, of a succession of sandstones, limestones, indurated 
marls and conglomerates, also interstratified with trap which 
is often amygdaloidal." Of these the lower group is what was 
afterward named Anioiike, and the upper group is, as I have 
shown in my 17th report on the Minnesota geological survey, 
pp. 52-55, the equivalent of the upper quartzytes of the original 
Huronian and lies unconformably on the lower group. 

If we revert next to the reasons that induced Dr. Bigsby to 
remove the Huronian from parallelism with the Lower Cambrian 
we shall find a curious medley of assumption, inference from 
insufficient data, and of generalization from ill-aupported 
inference. It had been argued by Mr. Thomas Macfarlane in 

. p. 178. 
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1862," that the HaTonian of Canada is the equivalent of the 
qoartzose membar of the Urachiefer of Norway, but he evi- 
dently derived his idea of the Huronian from his koowledge of 
the cryBtalUoe BcfaistB of lake Superior, and not from a study 
of the true HaroniaD. But Dr. Bigsby goes much further than 
tiiat, in that be attempts to show, or at least to strongly sug- 
gest, that the Huronian system is not what its authors Bap- 
posed it was, but is the equivalent of a system of rocks much 
older; and in this be was followed, as already stated, by Dr. 
T. Sterry Hunt, who derived from his knowledge of the col- 
lections he had seen, and from hand samples sent him from 
the regions of lakes Superior and Huron, the well known 
"greenstone" conception of the Huronian which baa been pre- 
sented in Dr. Hunt's papers. 

Without stopping to protest against the position in the 
English geological series in which Dr. Bigsby places the 
Cambrian, it is sufficient here to call attention only to the 
errors that he falls into respecting the Huronian, remarking 
only in passing that he places the entire primordial zone of 
Barrande, whether in America, Scandinavia or Bohemia, as 
the "immediate successor of the inbospitable Cambrian." '* 

In the first place Dr. Bigaby regards the Huronian aa con- 
formable on the Laurentian, which is at variance with the 
statement of Messrs. Logan and Hunt in the original 
announcement of the name,'° as well as the later descriptions 
by Mr. Logan, notably that in a paper read before the Amer- 
ican Association for the Advancement of Science in 1857." 
This is an element in his discussion which affects materially 
the correctness of bis conclusions. 

In the next place Dr. Bigaby identifies the "Huronian" of 
the region of Marquette, Mich., with that of the north shore of 
lake Huron from the description of the former by Foster and 
Whitney, which he quotes as follows : "As an alternation of 
beds of great thickness, of gneiss, of chloritic, talcosc, argilla- 
ceous and siliceous slate, of quartz, of saccharoidal and crys- 
talline limestones and serpentines, all much contorted, highly 
inclined — nowhere having a sedimentary aspect and most 

" Canadian Natnraliet. vol. vii. pp. 1-20 and 113-127. 

" Qaart. Jour. Geo). Soc. vol. zix. Part i. p. 43. Nov. 10, 1862. 

"Esquiese jgeoloeiqne da Caoada, p. 29. 

"Beportoftho A.A.A.S. 1867. p- 45. (Part 2.) 
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metamorphic near the lines of igoeoiis outburst."" It is not 
difficult to menttoQ in this enumeration of the charnctera of 
the Azoic of the south side of lake Superior, seTeral important 
departures from the lithology of the Hurontan of the typical 
region aa described by MesarB. Logan and Murray, an<i as 
finally publiahed hy Logan in 1863. 

(a). In the typical Huronian no gneiss is mentioned. - 

(b). In the typical Huronian no serpentine is mentioned. 

(cj. In the typical Huronian the inclination of the beds is 
generally less than 50°, sometimea not over 10° or even 3**. 

(d). In the typical Huronian thereis not an absence of the 
sedimentary aspect, hut its presence is one of its strong phys- 
ical features. 

(e). In the typical Huronian the beds are not "much con- 
torted." They are faulted but the line of strike is persistent 
for long distances. 

The other characters enumerated pertain to the Huronisn 
equally with the lower terranes, and can not be considered 
diagnostic of either, while the points of disagreement are so 
numerous, and so characteriatic of the older formation that 
they warrant us in regarding the rocks exhibiting them as 
non-Huronian. Indeed it becomes evident that Dr. Bigaby'a 
Huronian waa not Hurontan at all. His comparisona, whether 
from America or from Norway, are very fair, but abundantly 
sufficient to show that he had in mind a series of strata that 
have been found to lie in all places where their superposition 
haa been seen, in a relation of non-conformity with the typical 
Huronian. 

The principles of 'stratigraphy which have induced the pres- 
ent officers of the Canadian survey to embrace so wide a range 
of time, and so varied a lithology in the Huronian are diffi- 
cult to understand and express. The only justification for it, 
partial though it be, that I have been able to learn, consists 
in the partially incorrect mapping of the Huronian by Logan, 
Murray and Hunt.' But as has been already remarked, those 
maps should be corrected to agree with the descriptive text. 

" Report on the geolo27 of the lake Superior land district. Partii. 
p. U. 

'It should be stated, however, that nearly all the geologists of Mich- 
igan &nd Wisconsin have included the same wide range in tlie Unran- 
ian, in their official reporta. Compare the reports of Brooks and 
Pumpelly, on the Geology of Michigan, and of Chamberlin, Irving, 
8weet and Wright on the Geology of Wiaconein. 
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"The true idea of the Huronian is found in the sections given 
in the Geology of Canada, 186S, and this idea is represented 
by tiie typical Huronian area as mapped between the Theasa- 
^n and Missasaugui rivers, and thence northwestwardly to 
Port Finley and the southeastern shores of lake Superior. 

In a recent address before the Royal Society of Canada," Dr. 
Robert Bell has presented the views of the present officers of 
ihe Canadian survey, in support of the expanded Huronian. 
'An examination of this interesting paper results in bringing 
out the following points, at variance with what has recently 
been presented by Prof. R. D. Irving and other United States 
'geologists. 

1, The original idea of the Huronian, as understood by 
ihe Canadian survey, extended from the " Cambrian" to the 
Zaurentian, covering all the crystalline schists. Dr. Bell re- 
fers for authority for this to the Geology of Canada, 188S. 
This is a question of fact, and anyone who takes the trouble 
to examine the descriptions of the Huronian, in the Geology 
oP Canada. 18SS, can satisfy himself quickly. These descrip- 
tions are found on pages 50 to 66, and 841 to 844. We have 
failed to find the term "crystalline schists," or any term that 
can be taken as an equivalent for it, anywhere in those pages 
— or in any other part of the voltime where the Huronian is 
mentioned. 

2. The Huronian is conformable on the Laurentian, and 
no instance of unconformity has yet been found in Canada. 
It is not necessary to repeat what has already been said on 
this point in speaking of Dr. Bigsby's treatment of the Huron- 
ian. Not only did Logan mention, in numerous instances, 
the non-conformity of the Huronian on the Laurentian, hut 
recently such have been fully described by Prof. Irving at a 
point about three miles east of the Thessalon river, on the 
north shore of lake Huron ;" and Prof. Irving's observations 
have been confirmed by a more recent visit to the same place 
by membeia of the excursion party from the late Toronto 
meeting of the American Association for the Advancement of 

" Trans. Royal Society of Gaaada, vol. v(, aec. 4, p. 3. 

" Seventh annual report of the U. H. Oeol. Survey, p. 429. Logan's 
dascriptioaB of nncoafDrmltyare tobefound in Oeologu of Canada, 1863 
p. 60 ; Froc. Am. Awe. Adv. Sci. 1857, Part 2. p. 45, Eeqnisae g^oloin- 
<peaaCanada, 1S5S, p. 29; Quart. Jour. (?eoI. 5oe., London, vol. 21, 
IMS, p. 4a. 
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.Science. There is no doubt that that "Huronis 
Bell all the time alludes to is conformable on ti 
ecbists and the crystaltlQe Bchiets on the Lau 
which has been published repeatedly by officerE 
dian BUrvey and in the reports of the Minnesota 

3. Itie not just to the founder of the Huron 
restrict the term to the type Huronian. Sere i 
sqnarely from Dr. Bell. It would he unjust no 
subsequent inTestigators, but more so to the s 
term, not to do so. If we are not to accept an ai 
tion of his own discovery, who shall set metes a 
it? Again, Dr. Bell in several instances, insists c 
Logan's descriptions, "which" as he says, "are af 
guage can make them." 

4. The comparatively undisturbed conditioi 
Suronian on lake Huron is not the rule in tht 
elsewhere. But by the term "Huronian" here 1 
catee the strata which are in dispute, and which < 
much more crumpled — a circumstance which, w 
ferences, has led to their separation from the tri 
And when Dr. Bell states that "the same tocl 
crumpled and tilted in other districts, we respeci 
proof that they are the same that Logan includei 
inal descriptions. 

5. "As a matter of fact crystalline schists, 
that prevail among the Huronian rocks of lake 
largely associated with the quartzytes and sla 
atea of the lake Huron region." ^^'e would respect 
they be pointed out. Not only has Logan given ; 
tion, without including them, but Prof. Irving J 
them, and later still, my brother and myself i 
thorough examination without seeing them. ^ 
suggest that (as I know from observations made 
mer) the cryetalliDe schists exist only outside c 
described and mapped in the Oeology of Oanadi 
ing, on the east, not far from Serpent river, ai 
thence eastward to the recognized Laurentian. 1 
less what Dr. Bell would consider "associated 
the quartzytes and slate- conglomerates," but it 
kind of association that might be applied to th 
gneiss which occupies the lake shore for some n 
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the TheBsalon and Missasaugui rivers. The fact is, "there 
mnBt be a beginning and an ending, a top and a bottom," ae 
Dr. Bell ineistB, and the bottom is placed by Logan so far west 
that this schist is not included. The fact that he has includ- 
ed it in his map of 1863 (which was really constructed in 18()5) 
has no force except such as would also include some Lauren- 
tian in the Huronian, since his map of 1855 actually does cov- 
er the belt of Laurentian mentioned. 

The usage and understanding of the Canadian survey 
at the present time should he accepted as sufficient authority 
aa to what the Huronian really is. The geologists of the rest 
of the world will hardly hold their mouths shut when they 
find the Canadian survey of 1855-63, contradicted by the Can- 
adian survey of 1888, and when the question involved is so 
closely connected with their own work. The principles of sci- 
ence arc not to be determined by authority. 

7. The gradual stratigraphic passage from one formation. 
to another, even in the entire absence of fossils, is a better 
place to separate between them than at the point where a phys- 
ical break occurs, because of the greater "convenience of de- 
scription and classification of our facts." (p. 7.) The simple 
statement of this argument is sufficient to refute it. 

8. /( is not necessary that all Huronian rocks should he 
the equivalents of the "type series" described hy Logan and 
Murray, as claimed by Prof Irving. Here we differ as wide- 
ly as the poles, for we think that quality of equivalence is tlie 
cardinal criterion to judge by. 

9. The restriction of the Huronian as proposed is con- 
trary to the view of its founder. On the contrary it is evident 
to any one who examines the original authorities, that its lim- 
itation downward, at the lower Slate Conglomerate (or with 
the lower gray quartzyte) was in accordance with the views of 
its founders. Finally : 

10. The preponderance of rocks of volcanic origin in the 
"Huronian" is a character that is found to mark it every- 
where, indicating that an era of volcanic outbursts sets 
it off from the Laurentian. This fact is true of the Huron- 
ian as expanded, but it is not of the Huronian of Logan and 
Murray, which consists of conglomerates, quartzytes and linic- 
atonee, in the proportion of 18,000 feet to 5,000 feet of diabaBt^ 
and dioryte, the latter not being worked over by sedimenta- 
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tian, as in the "igneous rocks" of the expa 
but massive, crystalline, and in the form of « 
flows. 

The new departure necessary. Whyt It 
observed, already, that the complicatioDs thf 
promulgation and acceptance of the idea of t 
(mtertained by the majority of geologists up t 
date, rendered it necessary to revise de novo t 
in vogue. It is to the late lamented Prof. Irv 
t)ie initiative in this direction, so far as it perl 
itmination of the type region, although tht 
writer, led him in 1884" to call attention t 
that existed. In this re-examination of the w 
the stratigraphy of the oldest rocks, we are in 
essential correctness of his original conceptio 
iiin forniation, iind we think it is no more tl 
early pioneer in American geology to call att 
to vindicate his work from the errors that app 
fastened on it by the Canadian geologists and 
United States that have followed them. 

The methods of the new departure- The r 
that geologists in the United States are non 
the older rocks are markedly different from ■ 
by I.ogan, and his assistant, Alexander Murra 
as the methods are improved are the result 
The early geological work in America consistt 
])0graphic description, and sketch-mapping. 
distribution of the rock -terraces could not be : 
out. Not only was the time allowed for such 
cient (nor the money), but the microscopic 
the intimate structure of the different rocks 
known as a geological adjunct. With the lai 
the increased appreciation of geological sur 
authorities have granted more time, means 
general co-operation. Much of the early wor 
viewed. New surveys are miiile where the fit 
nounced "finished." While it ia necessary t 
much of the early work, it is necessary to trci 
justice, and in doing so we have to be guided 

'■' .\ddreNs before Section K., A. A. A. S. Philadel 
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ed reports and other papers of the early geologiata in forming 
an opinion aa to what they believed, rather than by interpre- 
tations and traditions that have grown up from them. It is 
intended here only to call attention to the improved methods 
of work. These consist of the following, as distinguished ftom 
the old methods : 

1. Painstaking field-work, extended and repeated over a 
small area, map in hand, accompanied by descriptions and 
sketches made on the spot. 

2. Sampling of all changes in rock-species from place to 
place with notation m the Held, referring each sample to its 
place in the accompanying field descriptions. 

3. Chemical and microscopic examination of the samples 
in the laboratory. 

4. Combination of field-studies with laboratory work, and 
the publication of the results. 

These methods have been pursued in some parts of the 
Northwest, at different times recently, by different geologists in 
some of the areas that have been included in the expanded 
conception of the Huronian, with surprisingly concurrent re- 
sults. Without mentioning the work of the Minnesota survey 
which is not yet carried to completion, I shall refer only to the 
examination of the rocks in the vicinity of Sudbury, by T. G- 
Bonney in 1886,'* the thorough microscopic work of Prof. R" 
I>. Irving, accomplished for the United States geological sur- 
vey," and his discussion of the elements of Huronian strati- 
graphy published recently in the Seventh annual report of the 
same survey, and to the work and results of Dr. A.C. LawBon of 
the Canadian geological survey, in the regions of the Lake of 
the Woods and Rainy lake, on the international boundary line 
west of lake Superior." 

Similarly accurate field-work has also been done in Michi- 
gan by Dr. C. Rominger," resulting in a similar correction of 
the early survey of maj or T. B. Brooke. 

"Quart. Journ. Geol. Soc. London, May 1886, p. 83. 

"Third Annual Keport, U. S. Geol, 8ur. 1881-82, pp.93-180 Mono- 
graph No. V. The coppei^bearing rocks of lake Superior, 1883; Bulle- 
tins No. 8 and 23. 

"Report on the geoloEv of the Loke of the Woods, with special ref- 
erence to the KeewAtin (Huronian?) belt, of the Archiean rocke. A. 
C. Lawaou ; 1886 ; Reports of progress of the Canadian survey for 1885. 
Also Geology of the Rainy Lake region ; Reports of the Canadian sur- 
»ev for 1887. 

''Geological survey of Michigan, L'pper Peninsula, 1878-80, Vol. iv. 
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Some of the results of the Dew method of work may be here 
re-capitulated somewhat more systematically, viz. : 

1. The HuroniaTi, as defioed by Logan and Murray has been 
ro-ezamined, and the essential correctness of their stratigraphy 
and of their geological map has been atlirmed. 

2. Below the strata enumerated by them is a great series of 
strata divisible into at least two parts, placed unconformably 
below the Huronian. These have been examined and named 
Keewatin and Vermilion groups, but by the Canadian survey ' 
they are claimed still as belonging in the Huronian. 

3. The strata of the Huronian proper are non-crystalline and 
plainly fragmental, while those underlying strata are distinct- 
ly different, the Keewatin consisting very largely of volcanic 
ejecta, simply arranged and consolidated by the agency of 
oceanic water and later metamorphic forces, and the Vermil- 
ion of the same re-crystallized by hydrothermal fusion. 

4. That the distinctnees of the true Huronian is every- 
where observable both on account of its different lithology and 
its basal fragmenttil conglomerates that lie unconformably on 
the Keewatin, on the Vermilion, and even on the Laurentian. 

5. I would add a further general truth, to which the work 
of the Minnesota survey has arrived, viz : the true Huronian is 
divisible into two non-conformable parts, the lower being the 
slate and slate conglomerates and the upper the quart zyte and 
quartzyto conglomerates. 

■ 6. And still another, the upper part of the true Huronian 
was characterized by frequent and enormous outflows of basic 
eruptive rock, and by some of acid rock, the equivalent, as 
at first supposed by Logan and Hunt, of the recently named 
Keweenaw an. 

The re-oonstruciion of ihs Huronian and the treatment of 
the correlated terranes. The results above enumerated are suf- 
ficiently important to call for a sweeping reconstruction of the 
prevalent idea of theHuronian system. That it is a flys/fim is 
shown by its wide range of strata {at least 18,000 feet), its un- 
conformable relations to the underlying and overlying series, 
and its relations of apparent identity to other terranes (Ta- 
conic, Lower Cambrian) which are recognized as systems by 
tlie common consent of geologists. That the Huronian has 
been made to include much more than it did originally is not 
the fault of the authors of the name. It is but justice to them 
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that their statements be tftken for exactly what they are. If 
correction is to be made, it is apparent that the sooner it is 
done the better it will be for the science both at home and 
abroad. 

How this correction will affect two other terms, the Taconic 
and the Lower Cambrian, it is not my intention to inquire 
fally at this time. I would only call attention to the nearly, 
- if not quite, parailei and almost identicallinesof thought that 
prompted these other, and earlier, geological terms, and the 
great approximation they show to identity of strati graphic po- 
sition. 



JURA, NEOCOMIAN AND CHALK OP ARKANSAS. 

Jul Ed MiBCOr, 

The second volume of the Annual Report of the Geological 
Survey of Arkansas, for 1888, issued August last is one of the 
most important contributions yet made to the geology of the 
country southwest of the MiSBiseippi river. The title is : "The 
Neozoic geology of southwestern Arkansas," by Robert T. 
Hill, assistant geologist. On the back of the volume the title is 
only "Mesozoic." I shall confine my remarks to the Mesozoic 
series, which is the most valuable part of the work, passing 
over the first six chapters, on the geography, topography, 
Post-Tertiary and Tertiary formations. It is not because the 
first part of the volume is not worthy of consideration ; on the 
contrary, like the rest, it is a lemarkabie and well digested 
work, worthy of being reviewed by a specialist, who can better 
render justice and appreciate the stratigraphy of the Cainozoic 
than myself. 

The lower Cretaceous, or Comanche series, is composed of 
three groups. The lowest is the "Trinity division." Although 
professor Hill has spoken, in several of his papers on the 
geology of Texas, of that group under the names of "Dinosaur 
Band,"1887; "Basal sand," 1887; "Trinity beds," April, 1889; 
and "Trinity basal littoral beds," May, 1889 ; he had not given 
a true description before publishing his report of southwestern 
Arkansas. He even hesitated before placing it in the Creta- 
ceous system. In his first paper of April, 1887, he put it out- 
side of the lower Cretaceous — a true and excellent classifica- 
tion; then he enclosed it in his Comanche series, saying, 
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however, that "the lowest marine fauna of thif 
prove Jurassic affinities" {Amer. Jour. Sei., 
306, October, 1887) ; but finally he created a di 
the lower CretaceouB, which, according to hi 
composed of the Washita, Fredericksburg am 
stons. 

Chapters xuand xur are devoted entirely 
division, and are certainly the two most import 
the report. All is new there, stratigraphy and 
Professor Hill gives a detailed description of il 
in chapter zn, containing an important section 
gypsum bluff, two miles south of Murfreesbort 
The thickness of the division is 400 feet in av 
tains gypsum in severalthinhandsof a total thi 
25 feet ; and the fossils are disseminated in h 
znarls, sometimes sandy, finishing at the base l 
deposit of lignite and bones of saunans. 

In Texas the Trinity division is much develo] 
vast surfaces. It-lies in discordance of stratific 
Palteozoic rocks of Arkansas, and upon the Sil 
boniferous, the Dyas and the Trias of Texas. 

Chapter xiii is entitled : "Paleontology c 
division." The molluscan fauna, which is 
described, "bears remarkable resemblance to f 
upper Purbeck and basal Neocomian, or Wi 
Europe." A review of all the species described 
professor Hill is necessary to arrive at the tr 
division. First we have Ammonites walcotU 
The name is unfortunate because it creates a ( 
Ammonites walcotii Sowerby, who has descril 
name, in his celebrated Mineral conchylioloi 
Plate 106, 1815, an Ammonites of the upper Li 
the Ammonites of Arkansas has no affinities wt 

Professor Hill is right in saying that "it rest 
nitet yo d'Orbigny, of the lower Neocomian ;" 
ence to the lower Neocomian is an error, beci 
specially says that the Ammonites he descri 
name yo, belongs to the Kimmeridian of Bon 
The species of Mr. Hill is new ; but is cl< 
Ammonites yo, being much smaller, and the on 
narrow. It resembles Ammonites litocerus C 
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Tonnded back and its indistinct flezuous line on the side. It 
18 s true discoid Ammonites, related to the three rounded-keel 
A.mmonites litocerus yo and conte^eani ThurmaDn ; three 
species of the upper Jurassic system of central Europ<i rang- 
ing from iiia Ammonites { Oppelia) tenuilobains ^tonetothe 
Portlandian. It has also some fg semblance to Oppelia 
latilobata Waagen of the lower Oolite of Poland. The locality 
of that Jurassic Ammonite is at the raoutli of Caney creek, 
branch of Prairie creek, near Murfrecshoro, I'ike county, Ar- 
kansas. 

Pleurocera stromMformig Schloth. It resembles a Cerithiutn 
or a Nerinea, related to Oerithhtm pmudoexcavaium tie 
Loriol, as well as to JVerhtea nodosa Frederick A. Ramer and 
Nerinea gpeciosa Voltz ; all upper Jurassic gasteropoda of 
Boulogne-Bur-Mer, Hanover and Porrentniy. The fig. 7a, 
Plate II, of Mr. Hill, shown the opening with a fold ho common 
in N&rir>e.a. It will require better specimens and better 
figures before dividing the genus of that most common and 
characteristic shell of the Arkansas and Texas Trinity beds. , 

Vivipara coasatotensis Hill, the specimens being only 
"poorly preserved casts," have deceived the author; they do 
not belong either to the genus Vivipara, nor to Liaplacodes, 
but to Natica. The species is allied to Nalica zangia 
d'Orbigny of the lower Oxfordinn. Bvc'inopsis conradi 
Hill ; it is almost identical in general contonr with the figure 
oi Buceinopsis parry i Conr&6." Professor Hill's fossil is a 
Natica, allied to Natica athleta d'Orbigny, of the Portland- 
ian of France. It differs greatly from Jiucoinopsix parryi. 
in the mouth, and on account of ribs on the Bpinc. 

Ostrea franklinl Coquand. This species was named in 
my library in Paris in 1868, by Coquand, who came to ask me 
the permission to study my American Ostracw, for his "Mon- 
ographic du genre Ostrea," in two parts. Coquand published 
only the first part, the Cretaceous s]>ecie3, the second part 
being left in manuscript unfinished. He recognized that the 
Gryphma tucumcarii and the Ostrea marshii of the 
Tucumcari area (New Mexico) are Jurassic species, and he 
did not put them in the Cretaceous part of his Monograph, 
placing there only the Gryp/iwa pitcheri typical form, as 
described and published by Morton, F. Rosmer and Mareou. 
After studying mv specimens, Coquand asked me for any 
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American publicatione I might possess, containing Mesozoic 
OstracfE. I first showed him the "Synopsis of the moUusca 
of the Cretaceous formation," by W. M, Gabb, 1861, unknown 
to him ; and then the Second Report of a Geological Recon- 
naissance of Arkansas, by D. D. Owen, 1860, a work entirely 
unknown in France. He saw at once that the Ostreacretacea ? 
Morton, on plates vii and viii, was a new species, and he 
asked me for the formation and locality. But it waa impossi- 
ble to answer, because the report does not describe the species ; 
the plates prepared by Owen were found after hia death, but 
without text of any sort ; and Mr. E. T. Cox- thought beat to 
publish them without explanation, From niy scanty practi- 
cal knowledge of the geology of Arkansas, I was inclined to 
think that the species must come from somewhere near the 
locality of the Oryhtea pitcheri, in the Kiameahia creek plains, 
and then that it was a Cretaceous species. Coquand said that 
it was different from all the Cretaceous Ostrew that he knew 
of, and asked me to name it. I proposed Ostrea oweni, but 
he preferred Ostrea franklitii, on account of Benjamin Frank- 
lin, always popular among Frenchmen. So it came that the 
most characteristic and common of the fossils of the Trinity 
division, or upper Jurassic of Arkansas and Texas was named 
by a foreign palaeontologist, who never came to America, and 
was referred wrongly to the Cretaceous system. 

Professor Hill gives three plates of "figures of every poaaible 
type of variation," platea v, vi and vii, almost all collected at 
the same spot, in a breccia limestone, five feet of thickness, 
composed entirely of these shells, near Murfreesboro, Pike 
county, Arkansas. After a careful study of the plates and of 
a few Bpeciniens, I fully believe that we have there four distinct 
species. 

On plate v, from figure No. 1 to No. ](>, we have a variety of 
the Ostrea virgula. The true and original Exogyra virgwla 
GoIdfuB is a little larger and more hooked or virgulated, if we 
can make use of such a word. I must say that I have seen 
specimens, referred to Osirea virgula in the Jura mountains 
and in Burgundy, exactly like figures 2, 3 and 7 of Mr. Hill. 
So, on the whole, we can say that we have in the Trinity beds 
of Arkansas, the Exogyra virgula so characteristic of Uie 
lower part of the Portlandian or Saliua marls of central 
Europe. 



,y Google 



Jitra-, Neocomian and Chalk of Arkansat. — Marcou. 361 

The figures 11, 12, 13, 14, 15, 17 and 18 of plate v, and figa. 
20, 22, 23, 24, 26, 27 of plate vi, and figs. 28, 29, of plate vn 
represent very well the true and ori)^nal Oetrea franklini 
of Owen and Coquand. Professpr Hill, in his description, 
confounda the upper valve with the lower. The 0. franklini 
poBEesses only n very distant relation with the 0. duhienais, 
a much smaller and less pointed species described by 
Conlejeiin and Etallon, but is truly related and allied to 
O. acuminata, by its pointed and acuminate lower valve. 

Then we have on plate vi, figs. 19 and 25, an oblic|ue form 
of Ostrea, which belongs to the O. rwmeri Quenstedt (Der 
Jura, tab. 77, fig- 22, p. 025) ; a species of the Argovian group 
of the Jura. 

And finally fig. 16 of plate v and more especially fig. 30, 
plate vn, are closely allied to a very common and character- 
istic form of the lower Oolite BpecicB of the Vesulian group, 
called Ostrea acuminata Sowerby, in the Jura mountains. 

At all events, all the forms figured by professor Hill are 
Jurassic forms, connected and allied with the Ostrea virffula, 
0. rcemcri and O. a<^uminata. 

Modiola, sp. ind. Hill, is a Mytilut allied to Mytilu8 
ionffwvus Contejean of the Sequanian (Lower Kimmeridian) 
of the Jura ( Lethea, Brantrutana, p. 224, plate xxix, fig. 9). 

Area ffvatiotaWiX]. It is one of the largest jlrt'/i of the 
-Jurassic system. It resembles Area laufonenais Etallon 
(Let/ifa kruntrutana, p. 215, plate xxvn, ilg. 4 of the 
Sequanian of Laufon, Solenre, Switzerland). 

Area (Barbatia) parva missouriennia Hill, plate iv, fig. 5, 
is related to Area inmquivalvie of the Jura mountains. Mr. 
Hill refers "also probably" fig. 4a, 4b of the same plate to that 
species. Figure 4a belongs to a Aucula, and fig. 4b can not 
be referred to an Area. As to plate ii, fig. 22, also considered 
by professor Hill as belonging to Area parva misaouriensis, 
it iB a Nueida, allied to Nucitla rostralis Lamk. of the upper 
Lias of SahuB (Jura). 

Cyrena ( Corbiculaf) arkansaenals. It is Corbisorenata 
Cont. or an extremely close species {Kimmeridian, p. 55, 
plate XIII, fig. 10 and II; and the Lethea Bruntrutana, p. 
187, plate xxni, fig. 2). Kimmeridian at Porrentruy and 
Montbelliard. 

Corbxcula? (Aatarte?) pikenaia Hill. It is an Aatarte 
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Dot Ro Isige as Asiarte celtica Cont. of the Kimmeridian of 
Hontbelliard ; but larger and more thick than ABfarte 
pesolina Cont. of the Portlandian or Salius limestone of the 
Jura. 

Cardvamf aevieriensis Hill ia a good species. 

Anomia ep- ind. are very common in the Sequanian and 
Portlandian of Porrentruy (Switzerland). 

From the preceding remarks we see that the conclusiona as 
to the age of the Trinity division, are that it represents in 
Arkansas and Texas the Juras.<jic system, and more especially 
the Upper Oolite from the Corallian to the top of the Purbeck 
or Salius limestone of the Jura. 

Some forms of fossils alluded to point even to a part of the 
Jurassic system older than the Corallian and Kim meridian' 
And I ought also to speak of two specimens of a Qryphaa, 
which professor Hill had the kindness to offer to me, and 
labelled by him "Gryp/icBa piicheri Morton, base of Creta- 
ceous, one thousand feet below other varieties of G. piicheri; 
occurs by millions at Burnet, Texas," They belong to a 
Jurassic form entirely different from the G. pitckeri but related 
to Qryplusa calceola Quenstedt, and more so to Oryphma 
arcuata Lamk. of the Lower Lias. It is a new s|>eciea, three 
or four times smaller than the O- arcuata, but otlierwise 
closely allied to it. It would not be s^irprising if the great 
division called "Trinity" by Mr. Hill, and occupying a great 
surface in Texas contains the whole Jurassic system of central 
Europe. 

Xevited Hal of JouiU ofUa Trtaily formation in Arkantat. 

AmmoniUt vialcoiti Uill, not Sowerby. An upper Jiirassic form. 

I^ewoceTastymabiformU Schloth. A Cmthiumf oj Nfrineaf 

Vivipara eonaloletttii Uilt. A Nalica. 

SucciaoptUT eonradi UiW. A Natica allied ti> A". aihUta i]'Or\i. of 
the Portlandian. 

Otlrea Jranklini Coquanil. Allied to Oitrea anumitiala of thp French 
Jura. 

Osfrea virgula GoldTuss. Portlandian of France and SwitKsrland. 

Oitrea rcemeri Quonetedt. Argonian of the Jura. 

Oitrea, closely allied to 0. acuminata of the lower Oo)tt« of tha Jiirtt. 

Modiola ep. ind. Hill. A Mytibii allied to M. longn-wi Cont. 
Sequanian of the Jura. 

..4rea£rraliola Hill ; allied to ^.2uu/uneiMiiBtal. Sequanian of the Jura, 

Area (.Bnrbatia) parva mistiourientit Hill, related to A. imequivalii 
of the .Tora. 
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Xueula, nliied to N. roitratit of the upper Lias of SaliuB (Jara). 

Gyrtna iCoridevlaf) arkaruaentU Hill. A Corhi* cloeelj' allie<l to 
C. ertTtata Coat. Kimmeridian. 

CorbiculaT (AitarUt) pit«n«ii Hill. It is an A$tarU. 

CardiumT sevieritniii Uill. 

Anomia. sp. ind. Rill. A geauB very commoH in the upper Jnrs. 

Professor Hill is inclined to regard this invertebrate fauns 
as a brackish water fauna, going bo far ae to say tbaf'tbe 
ahells are all of forms whose living representatives are known 
to inhabit brackish waters," and comparing tbem to forms 
from the upper Purbeck and basal Neocomian or Wealden 
beds of a part of central Europe. I can not agree either with 
the characters of brackish fauna or the Wealden or Neocomian 
a^e of the Trinity formation. The moUuscan fauna in a 
marine fauna, littoral to be sure, but no mixture of fresh 
water forms exists so far. As regards the age, we have in 
Texas and Arkansas the true equivalent and homotaxis of the 
Neocomian and Wealden of central Europe in the Frederick 
division of the Comanche series of professor Hill ; and the 
Trinity division is older, corresponding with the upper Juras- 
sic, from the Purbeck included down to the Oxfordian. 

Chapter xv, "Reaumi? of the Cretaceous group" of profes- 
sor Hill's important volume, deals mainly with what he calls : 
"two misconceptions concerning the Cretaceous formation," 
giving excuses for the opinions expressed repeatedly and 
maintained contrary to the facta observed and recorded by me 
as far back as 1853, and condensed ii last time in the clearest 
way in my paper of 1861 : "Notes on the Cretaceous and 
Carboniferous rocks of Texas" (Proceed- Boston Soc. Nat- 
Hist, vol, VIII, p. 86), whore will be found an exact section of 
the Cretaceous strata of Texas, showing that in America wc 
have a complete series of strata of the lower Cretaceous or 
Neocomian and Aptian, middle Cretaceous or Green Sand and 
Turonian, and upper Cretaceous or Scnonian ; only I did not 
give the details, which were unknown to me. 

On p. 166 professor Hill gives a diagram of the slratigraphic 
occurrence and range of the principal species of the genus 
Oatrea. It is a very instructive table : 
Exogyra cottata green sand, — Orypkiea reiictilarh Lamk. 
Exogyra pondero$a marie. 
Rocky Comfort chalk. No Otirrn. 
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Raee of Rocky Comfort chalk ( Dakota- Niobrara epochs)— Oafre* 

htliaplieata Shnmard. 
Ouachita Division. — Grypltxa iinuata var. americana Marcoa ; 

G. pitcheri, dilate var. Hill {not Marcou) ; Exogyra arietinix 

Riemer ; Ottrra diluviana Lamk. 
Frederickburg Division. — Oryphiea pilclieri (type) Morton; Otlrea 

_fiabellala Goldfus. 
Traaaitional Jura-Cretacic ( Trinity Division ) — Otlrea /ranhlim 

Coquand. 
Jurassic? {Taciimcari beds)— (?rjfpfta;a iliialataf Marcou; Otlrea 

marthii Marc. 
The horizontal line above indicates a great break. 
It is certainly a progress and a great one after the curious 
diagrams of Measre. F. Roemcr, James Hall and Benjamin F. 
Shnmard ; but it shows how difficult it is to return to a good 
and logicfil classification, when an erroneous one has been 
used and maintained, by all means, against plain stratigraph- 
ical, palfcontologii-al and lithological facta, during more than 
thirty years. 

Accepting the diagram of professor Hill, which is far more 
corapletethani wasable tomakein 1853-61, for want of practi- 
cal detailed knowledge, because the reader must have always 
in mind, that when I made observations north of Texas, it was 
in 11 direct line and during a heavy march, under a military 
escort, and necessarily extremely limited ; only a sort of first 
glimpse at the geology of the 35th parallel — accepting that 
diagram, I shall give one, as I understand now the strati- 
graphic occurrence of the principal species of Ostrea. 
Tertiary, beginning with the Laramie group. 

Fox Hill group or Albuquerque sandatone. 1 

Kxogyra coitala and Grypfuca veaicularii beds, i- or Scnonian. 

Exogyra ponderota marls. ) 

Dakota group of Galisteo. — Ostrea congeala Conrad; or Turunian. 

Break.-^ — — — 

Greenish marly limestone of the junction of Little river with 

the Canadian river (Indian territory), or Cenomanian. 

Break . — ■ 

Comanche ecrics; Washita Division, or Albian, A.ptian and 

UrgonioD — Exogyra arietina Roem., Gryph.ra sinuata var. 

americana. Marc, and Gryphrra a. sp. ind. colled Q. 

pileheri, dilate var. Hill (not Marcou). 
Comanche series; Frederickburg Division, or Neocomian. — 

Gryphrr.a piuhrri Morton, Ra;mer and Marcou; Exogyra 

Jiabellala Goldfus. 
Break. - 
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Under the title Qryphma pitcheri Morton, professor Hill 
gives, at pp. 168-173, a long and quite correct account of the 
confusions and controvereiee created by my adversaries. I 
shall only point out two errors. Professor Hill thinks that 
"this species has such a striking Jurassic aspect ; " it is a very 
incorrect view, which he would not have taken if he had had 
a practical knowledge of the Jurassic and Cretaceous Euro- 
pean systems; for at first sight, with my long experience of 
Jurassic and Cretaceous in the Jura mountains, I recognized 
the Neocomianforni of C7'S'^A(P<l,so characteristic in Oryphcea 
couloni of Neuchatel ; and I hail no hesitation to say in 1853 
when in the field at Comet creek, on the bank of the Washita 
river, that I had before me the equivalent and the homotaxis 
of the Neocomian great formation of Europe. 

All that professor Hilt says about my figures 1, called by 
error (3), and 2, called by error fig. (1), of the Oryphcsa 
dilataia old and young, is incorrect ; my figure 2 is not a 
"small and imperfect figure," but on the contrary an excellent 
drawing of a youngindividual of O. dilatata var.tvcumcarvi, 
which has nothing to do either with the 0. pitcheri Morton or 
the G- pitcheri variety dilate of Hill. 

For the first time, thirty-five years after I made my explor- 
ation in the Indian territory, Texas and New Mexico, a practic- 
al geologist, who knows stratigraphy, has seen the Tucumcari 
area. Professor Hill, after a few hours' etny at Little Tucum- 
cari, returned convinced that the Gri/phasa tucumcarii is not 
the Gryphcea pitcheri, and that the "unquestionable Creta- 
ceous" beds of Messrs. James Hall, the Shumards and J. S. 
Newberry belong to the Jurassic system. 

Professor Hill has an interesting chapter xiv, on the pres- 
ence of "Chalk in the North American Cretaceous." He says 
that "although certain Cretaceous beds * • • of the Nebras- 
ka formation of the upper Missouri, have been exceptionally 
alluded to as of a chalky nature * * • ;" "the term chalk 
has been studiously avoided in llthologic description" by 
American writers, because they have "the idea that true chalk 
does not occur in the United States-" This is rather too 
exclusive and incorrect. Evidently my discovery of the true 
chalk near Sioux City (Iowa) and in Nebraska in 1863, has 
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eBcaped his notice- In my : "ReconnoiBBance g^ologique au 
Nebraska" {Bulletin Sac- Qeol. France, vol, xxi, p. 145), I 
say : "In my visit at the Verygood's quarry, I wae struck with 
the extremely chalky lithological characters of the rocks, 
which have reminded me more than anything I saw before in 
America of the chalk of the Paris and London basins." And 
three years later, at the meeting of the 19th of Nov., 1886 of 
the same society in Paris, in reading my paper : "Le tenrain 
Cr^tace des environs de Sioux City de la mission des Omahaa 
etde Tekama, sur les bordsdu Missouri" (5«i;eii7i Soc, Qeol- 
France, vol. xxiv, p. 56), I took the precaution to carry with 
me pieces of rough chalk taken near Sioux City, and I drew 
on the blackboard with them the three sections which accom- 
pany the paper, and at the end I said, writing with that chalk, 
"Craie d'Araerique," that in order to prove the constancy of 
lithological characters on vast surfaces of the earth, I had 
used only American lohite chalk that evening for my commu- 
nication before the Geological Society of France. All the 
members applauded loudly my practical remark. 

In iinishing my review of professor Hill's work, I must 
mention the excellent "Geological Map of southwestern Arkan- 
sas" at the scale of 1 : 202,752, which accompanies the volume. 
The legend comprises six divisions, beginning with the allu- 
vium, then the plateau gravel, the Tertiary, upper Cretaceous, 
lower Cretaceous and Trinity divisions. So that according 
to professor Hill, the Trinity is not Cretaceous ; then he ought 
to have used another color than green. It is the only criti- 
cism to be made of that beautiful map; the Trinity formation 
being Jurassic ought to be colored in pale sky blue, which 
would have improved the appearance of the map. The limits 
of the formations are very distinct, and the distribution of the 
Trinity division shows a break of some sort between it and 
the lower Cretaceous, which exists only at a single spot, at 
Ccrro Gordo. In a country so wooded and unhealthy aa 
southern Arkansas, explorations are very difficult and even 
dangerous on account of the malaria, and professor Hill has 
not an easy task. 

On the whole, volume ii of the Arkansas geological report' 
for 1888 is a most creditable work, which reflects honor not 
only on its author, professor Robert T. Hill of the University 
of Texas, by far the best practical geologist who has ever 
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Btudied southern Arkansas and Texas, but also on professor 
John C. Branner, the state geologist. The State of Arkansas 
must be complimented to have secured the services of such 
able observers. 

Camiridffe, Mass., September^ 1889, 



PENCE AVALL GEOLOGY. 
Sy Alio. F, PoiBiTE. 

In drift covered areas actual exposures of bed rocks are often 
insufficient in aumber to determine even the simpler problems 
of geology. In such cases any assistance derived from other 
sources is often of value. In regions where the drift near its 
surface contains boulders sufficient in size and abundance 
for the construction of fence walls, these boulders will often 
furnish the desired data. Since such boulders are placed in 
fence walls as a rille in the most expediliious manner consistent 
with the clearing of the adjoining fields, they have usually 
been removed too short a distance from their position in the 
fields to seriously affect any investigation as to their distribu- 
tion. Moreover, an examination of the neighboring topogra- 
phy, the slope of the lands, the presence of streams and ponds, 
and similar diita, will frequently even make their original 
position in the fields quite certain. The existence of fence 
wa)ls also implies the existence of boulders in sufficient num- 
bers and of sufficient size to insure the observer that their orig- 
inal location, while a part of the bed rock, is not too far distant 
to make a study of their distribution profitable. The study of 
fence walls, therefore, becomes the study of the larger ele- 
ments of the drift. 

It is well known that near their source in the bed rocks the 
elements of the glacial drift are quite angular, but that owing 
to attrition the corners and edges are gradually blunted or 
worn off as their distance from the source increases, until 
finally the fragments become quite decidedly rounded. All 
this is of course accompanied by decrease in size. With a fur- 
ther increase of the distance from the original source the size 
of the boulders becomes too small even for use in fence walls, 
and the further increase of distance is therefore also noticed 
by the smaller percentage of such boulders found in the fence 
walla. This smaller percentage may also be due to another 
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cauee. For while the greater percentage of boulders travel 
along the path of the glacier (or with its gradient) a consider- 
able percentage deviate from this course ; many 6, some 10, 
axiA a few even as much as 15 degrees, thus affecting the per- 
centage of Buch boulders in the fence walls. Knowing the 
direction in wUch the glacial drift moved from the ecratches 
it left on actual exposures of bed rocks, itis possible by means 
of an examination of the relative degree of angularity and size 
of rocks, the frequency of their occurrence in the fence walls, 
and a study of their distribution, to trace bouldera back to 
their original source. 

It is evident that the study of very angular bowlders is alone 
of direct value iu determining the original position of any 
class of rocks, since these alone lie near their original source. 
A record of the remaining boulders of the fence-walls is, how- 
ever, of value in determining thdr probable distance from the 
original source, and in guiding future search. When boulders 
are derived from rocks maintaining their iithological and 
palffiontological characters over wide areas, the angular 
boulders derived from one locality within this area will be 
mingled with the more or less rounded bouldera from some 
other locality in the same area, so that careful records axe 
always of value in reaching accurate conclusions. Note-tak- 
ing is chiefly confined to recording the varying percentage of 
the various rocks forming fence-walls and their degree of 
angularity, A record of their size, in addition to that usually 
already indirectly expressed in a record of their percentage, is 
usually of le.sy importance. 

The distribution of the very angular rocks will determine 
the form of tiie original area, whether the exposure was local 
and limited in all directions, formed a long narrow band, or 
covered a wide and extensive area. It will be of some assist- 
ance in this work to remember that the limits of any forma, 
tion in going against the glacial gradient arc near the line of 
more or less abrupt disappearance of all boulders derived from 
that area, and that the limits of the same area on the side 
with the gradient are best determined by the similarly sudden 
appearance of bouldera ol indifferent character. As the bound- 
aries of any area approach parallelism with the glacial 
gradient, boulders of nearly the same degree of angularity but 
derived from different sides of the boundary will become inter- 
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mingled, bo that in such cases the determination of the bound- 
aries becomes more conjectural. 

Studies basod upon preceding principles having led to a 
rough delineation of the area formerly occupied by any class 
of roclts it becomes necessary to correllate this area as deter- 
mined by boulders more closely with the area exposed by the 
bed-rocks during erosion. For this purpose recourse is had 
chiefly to topographical features. 

The most common of these are differences of elevation be- 
tween two adjacent areas geologically distinct, due to the fre- 
queucy with which rocks of different geological ages show 
different degrees of resistance to the action of erosion. This 
is likely to result io the formation of single hills when the 
original area was a boss of some igneous rock ; long, narrow 
broken ridges or valleys when the original area was long and 
narrow, whether sedimentary or igneous in origin; flattened 
or much diversified areas of greater extent but of marked differ- 
ence in general elevation when the original areas were of con- 
siderable extent. In such cases the boundaries between neigh- 
boring formations are apt to be found nearer the base of the 
hille or the top of the sides of the valleys expressive of the 
variable resistance offered to erosion by the different geolog- 
ical formations. 

Any abrupt change in the character of a rock, from a sand- 
stone to a conglomerate, a shaly series, an igneous formation, 
and the like is a potential line of weakness. Owing to a vari- 
able degree of hardness and tenacity the rocks along such 
planes are apt to become separated during folding and a mod- 
erate amount of sliding or faulting may take place on these 
planes, and give rise to additional fractures along the plane of 
separation. — The difference of velocity with which rocks im- 
mediately on either side of such planes transmit earthquake 
shocks is also likely to find its expression in a general loosen- 
ing of the strata along those planes, accompanied often by 
some sliding. — Ordinary faults in addition to a general plane 
of separation are often accompanied by minor fractures in the 
vicinity owing to friction during faulting. All of such frac- 
tures in whatever wa^ cauaed are liable to intensify the differ- 
ences of elevation at the boundaries of adjacent geological 
areas, by offering regions favorable for the cutting action of 
erosion, whether by ice or water; and such fractures usually 
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express themselves aa beds of streftins, long lakes, or valleys. 
In localities presenting great geological diversity and sub- 
jected to long erosion it is often found that the existence of a 
well marked valley, stream or pond, immediately heralds 
some change of formation which will be found on crossing the 
same. Boundaries of geological areas as determined by boul- 
ders are then readjusted also with reference to neighboring 
streams and valleys. 

Where the rocks dip towards their boundaries, the boundary 
streams will usually be found to remain n«ar the fractures 
which determined their course. Where they dip away from 
their boundaries, especially if composed pf softer rocks, the 
streams will often wander a small distance from their original 

beda. As a general rule the dip of rocks in the more recent 

formations is away from, in the older rocks, towards, any 
area of massive igneous rocks penetrating the same. This 
simply means that since such igneous rocks do not always 
show themselves at once at the surface, the element of time 
must be taken into consideration, and as a rule the anticlinals 
of anv area are sufficiently eroded to expose igneous rocks not 
originally shown at the surface, before synclinals containing 
corresponding igneous rocks in the same position are suffi- 
ciently eroded to expose them. A certain allowance must be 
made for the probable change of course of any stream since 
its first connection with a series of fractures. 

Such, in general, are the methods used in gaining some 
slight assistance from the boulders of fence walls and from 
topographical features when the drift is too heavy to permit 
the frequent exposure of the bed-rocks. Frequent modifica- 
tions of these methods are used in the field, but the principles 
are all those well understood by the glacial geologist and do 
not need further discussion. The amount of information 
often obtained in this way would no doubt be a matter of 
great surprise to those geologists who neglect all features 
except surface exposures. Yet, since the value of all such 
work is dependent upon the accuracy and distinctness with 
which the original boundaries of bed-rocks, now drift-covered, 
can be traced, such methods find their best practical applica- 
tion where the dip of rocks is strong enough to furnish sharp 
boundaries along their strike (30° to 90°) wliere the structure 
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is complicated, but Dot upon a Bmall scale. Actual exposures, 
though isolated, always furnish s check upon such work. 



EDITORIAL COMMENT. 

SOME RECENT SPECULATIONS ON THE ORIOIN OF FETKOLEUH. 

The distinguished Russian chemist Prof. Mendele^f of St. 
Petersburgh, has recently discussed from a new standpoint this 
oft-mooted question and as considerable currency has been 
given to his theory, this fact, together with the eminence of its 
author as a chemist, renders some notice of it appropriate to 
these pages. 

In his essay Prof. Mendele^f sets out with the statement that 
most writers tacitly assume that petroleum is a product of 
vegetable matter. For this assumption there is, he says, no 
ground unless we admit that its chemical composition — re- 
sembling coal so closely as it does — may be admitted as an 
argument. This origin he sets himself to disprove. Petrole- 
um could not, he says, have been produced on the surface 
because it would have evaporated. Nor could it have been 
produced over a sea-bottom because it would have floated up 
and have passed off. Thirdly, he maintains it must have been 
formed where .it now exists, because it could not have been 
transported as sand or clay, and could not have flowed on the 
surface. 

Now with all respect to the eminent attainments and bril- 
liant reputation of Prof. Mendeleef we may say at once that 
this catalogue does not by any means exhaust the list of pos- 
sibilities. There are situations in which petroleum may have 
been made other than the surface and the sea-bottom. Indeed, 
we have never heard the former advocated by any one. And 
granting, for the sake of argument, that petroleum can not be 
transported very far, yet Prof. M. adduces no satisfactory evi- 
dence against its formation in the region in which it actually 
occurs. 

We must assume that Prof. M. has some practical acquaint- 
ance with the geology of the Baku oil-regions of Russia but we 
can not refrain from suggesting that he does not show the 
familiarity with similar districts in North America that would 



,y Google 



372 Editorial Comment. 

be deBirable in one who undertakes , to propound a new theory 
OD 80 difficult a subject. 
, According to hie statement the oil-bearing strata of Europe 
belong chiefly to the Tertiary or later ages. He therefore 
admits that the Carboniferous deposit!; beneath them may 
possibly be the source from which their oil has been derived. 
But he adds that the oil-bearing sands of North America 
belong to the Devonian or the Silurian strata in which few or 
no organic remains have been found. If the Coal Measures 
were the source of the oil it would never, says he, have gone 
down into the underlying Devonian rocks of Pennsylvania 
through the intermediate shales and clays, so that it is not 
possible to attribute its origin to the secular changes produced 
in coal by heat and pressure. 

It seems incredible that such a statement can have been 
made by any one acquainted with the abounding fossils of 
these rocks in Canada and the United States, where whole 
layers consist in some places of almost nothing but the relics 
of bygone life,both animal and vegetable. This is the case with 
manybedsin the Trenton and Hudson Rivergroups. The Devo- 
nian rocks in the eastern and midland states are also filled with 
similar remains, especially of marine invertebrata and fishes, 
while some strata of this latter system in places consist of 
little save the minute sporanges of aquatic cryptogams, indi- 
cating an abundance of these plants at that date, which it is 
difficult to realize. 

The prevalent opinion among geologists is that petroleum 
results from the slow secular changes that take place sponta- 
neously, as it were, in such masses of organic matter as we 
have just indicated. Sea-weeds and plants of their low grade 
leave, in most cases, no distinct fossil remains, but their decay 
produces a quantity of bituminous material which may be 
represented merely by the black carbonaceous substance of 
the shales. It is only when, as in Ohio, such shales containing 
more or less bitumen in their mass are overlain by a porous 
sandstone and that in turn by an impervious layer of shale 
that the conditions are fulfilled and a store of gas or of oil 
results. A porous limestone may take the place of the sand- 
stone and a bituminous limestone may play the part of the 
shale, as in northern Ohio, but the general conditions remain 
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UDcfaanged so that there is in reality no need to look for any 
other source of petroleum. 

Mr. W. Anderson, in his presidential address to the Section 
of Mechanics of the British Association at Newcastle-on-Tyne, 
developed to his audience Prof. Mendele^f's theory, and appar- 
ently with approval. In his sketch, which is somewhat 
hypothetical, he follows his leader in presupposing as a neces- 
sary condition, the existence of iron in immense quantities in 
the interior of the earth, both pure and in the form of carbides. 
Water penetrating the crust is supposed to react on these sub- 
stances and GO to develop a hydrocarbon at the expense of its 
own oxygen-. The new hydrocarbon thus produced is carried 
up with the steam into which the water has been transformed 
and deposited as soon as the cooler strata are reached. 

It is scarcely necessary to mention that the data here 
assumed are not only unproved, but highly improbable. In 
fact their assumption almost amounts to a return to the old 
hypothesis of Sir Humphrey Davy, who, in his enthusiasm at 
having discovered the remarkable properties of potassium, 
imagined a vast storehouse of his new met&l in the bowels of 
the earth, by the aid of which he could explain all the phe- 
nomena of volcanic action on chemical principles. 

Prof. Mendeleef further endeavors to support his theory by 
asserting that oil-bearing regions always lie near to or run 
parallel with mountain ranges, as in the case of the Appala- 
chians and the Caucasus. In the synclinal cracks, widening 
below, which he says must exist in such regions, lie the accu- 
mulations of oil and gas. Now it is well known in America that 
a hssured region, especially a synclinal, ie barren ground, and 
that a disturbed region is also devoid of oil and gas. Both 
occur only m strata almost horizontal and usually along 
lines of very slight anticlinal arching. So that geology 
affords no ground whatever for the new theory. 

Moreover there are exceedingly productive districts in the 
western hemisphere, such as those in Indiana, in Ohio, and in 
Ontario where there can be no such fissuring as is required by 
Prof Mendeleef. The regions in question lie at a distance 
from all ipountains and all disturbance capable of producing 
fissures and in the midst of a wide extent of nearly horizon- 
tal and uncontorted rocks not varying from the level more 



,y Google 



Editorial Comment. 



1 

po] 



tio 
of 
ftbi 
in 
the 
wl 
ne' 
of 
Pp 
thi 

pi: 



mi 
loi 
thi 
tb 
all 



, Google 



Editorial Comment. 375 

in the necessary qu&Dtities. This state of atfairs v&a noticed 
first in the latter part of last winter, but the coming of warm 
weather relieved the pressure for domestic purposes and noth- 
ing was heard of the shortage during the summer months. 
But with the first appearance of a change of temperature this 
MI the trouble recommenced in an a'ggravated form. The last 
movement of the natural gas companies has been to ask the 
big mills to run only at night, when the demand for fuel for 
other purposes would be slight. Many of the establishments 
have decided to return to the use of coal and some have already 
done so."' — Philadelphia Enquirer, Oct. l-'i^ 1889. 

In the conclusion of this address Mr. Anderson remarks : 
"We are almost forced to the belief that the hydrocarbon 
products must be forming as fast as they are consumed, and 
there is little danger of the demand ever exceeding the sup- 
ply, and that there is every prospect of oil being found in 
almost every portion of the surface of the earth, especially in 
the vicinity of great geological disturbances. Improved meth- 
ods of boring, wells will enable greater depths to be reached 
and it should be remembered that apart from the cost of sink- 
ing a deep well there is no extra expense in working at great 
depths, because the oil generally rises to the surface or near 
it. The extraordinary pressures, amounting to 300 pounds on 
the square inch, which have been measured in some wells, 
seem to me to yield conclusive evidence of the impermeability 
of the strata from which the oil has been forced up and tends 
to confirm the view that it must have been formed in regions 
far below any which could have contained organic remains." 

After what we have already said it is needless to ^oint out 
the fallacy of Mr. Anderson's reasoning and the baseless nature 
of the rose-colored vision with which he amused his audience 

'We And that the HaniB complaint comee from Wheeling, W. Vn. 
In the issue of the Kcientiflc American for Oi^tober 5, wUich hasjuHt 
come to hand, we read, "The natural gas nupply in liecominc scarcer 
every day and there is expecial complaint amonj; the maniiiRctiireni 
who had hoped that (luring the warm weather tbey would have all ttie 
gas that they needed. For noveral weekw paHt the RiverHJde Tube 
Works and Plate Mill have been very greatly trouhled hy lack of gas 
and at timeH have lieen compelled to stop till the supplv became let- 
ter. The company is getting thinga into shape as rapidlv an possible 
tn go back to the life of coal in the tube works. The Bellaire mill has 
l^ne back to the use of coal and the Labellc is understood to contem- 
plate a return to coal in all departments. Several other mills and fac- 
tories are in the same position."— ii^jisi^r. 
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in the latter part of his discourse. No gas or oil well has ev«r 
been known to afford a pressure greater than that due to Ub 
depth, oi indeed equal to it. No oil well has Sowed except m 
diminishing quantity even for a few years, oor haa the oil per- 
manently reached the surface. Nor does the ability of reach- 
ing greater depths afford hs any hope. Already the wells are 
&r below all the productive strata. Three thousand and even 
four thousand feet have been penetrated and the ancient 
gneissic rocks have been reached in the United States, while 
in Germany even this has been surpassed and the augur has 
been down five thousand feet below the surface and the latest 
report gives the actual deepest horing at 5,735 feet, or consid- 
erably more than a mile. But the lowest oil-bearing strata in 
North America are only about 1,500 feet down, and it is rare 
indeed to find any valuable yield below that depth. In the 
Caucasus the beds are, we understand, even nearer to the sur- 
face. All analogy and all iirobability, are therefore, against 
the chance of our ever finding gaseous or liquid fuel at great 
depths in the crust and the idea of going down below the 
Palteozoic strata in search of oil or gas in the hope of winning 
them from the old Archiean rocks below can Ond no place in 
the mind of any one of sound judgment and practical experi- 
ence in the subject, be he chemist, geologist or only well- 
sinker. 



REVIEW OK RECENT GEOLOGICAL LITERATURE. 

AddretM to the Geological Section of the Briliih A»eoeialion. By Jambb 
Gbieib, EL.D., F.R.S., president of the Section. N ewe aatle- upon- 
Tyne, Sept. 12, 1SS9. pp. 27. (A reprint ot this address, excepting its 
two introductory pagee, is given in the GcologiL-al Magazine for Octo- 
ber). Thcsubject is the recent progress in glacial geology, with ref- 
erence chiefly to the limits, and to the marginal moraines and other 
drift deposits, ot the ice-aheet of northwestern Europe, together with 
its relation to the loess, to interglacial epochs, and to the antiquity of 

Professor Geiliie recounts the phases of opinion that have pre- 
vailed among German geologists concerning the origin of the drift- 
At flrst submergence and icebergs were appealed to as explaining 
everything; but since Dr. Otto Toreli, in 1K75, first stated his belief 
that the "diluvium" of northern Germany was of glacial origin, ingen- 
ious attempts have been made to show that the drift was formed 
partly by floating-ice and partly by land-ice, until with extandarf 
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obaerrfttion and stad;, the element of floating-ice htat been graduall}' 
eliminated, &nd all the phenomena now find esplsnation by meana of 
land-ice and "BchmeU-waBBer" alone, that ia, by the ice-eheet and the 
water produced bj itB melting. The marine shells that are found 
rarelj in the German atony clays, along with mammalian bones and 
fresh water shells, have been shown to be derivative in their origin, 
being just as mnch erratics as the Stones and boulders with which 
they are associated. 

Following the iummar; bji Dr. JeDtzs<:h of the present opinions of 
German geologists, the author not«R that the northern regions, as the 
^andinavian peninsula, Lapland and Finland, were the feeding- 
grotiDds of the ice-sheet. "In those regions melting was at a min- 
imum, while the grinding action of the ice was not effective. * • • • 
Further south melting greatly increased, while ground moraine at the 
same time tended to accumulate, the conjoint action of glacier-ice and 
subglacial water resulting in the complex drifts of the peripheral 
area. In the disposition and appearance of the aqueous deposits of 
the 'diluvium' we have «vidence of an extensive subglacial water cir- 
cntatioD, glacier-mills that gave rise to 'giants' kettles,' chains of 
snbglacial lakes in which fine clays gathered, streams and rivers that 
flowed in tnnnela under the ice. and whose courses were paved with 
sand and gravel. • • • * The dove-tailing and interosculation of 
boulder-clay with aqueous deposita are explained by the relation of 
the ice to the surface over which it flowed. Throughout the peripheral 
area it did not rest ho continuously upon tfie ground ae was the case 
in the inner region of maximum erosion. In many places it was tun- 
nelled by rapid streams and rivers, and here and there It arched over 
snbglacial lakeH, so that accumulation ot ground moraine proceeded 
side by side with the formation of aqueous sediments. • * • • Now 
a study of the ground moraines of modern glaciers afibrds us a reas- 
onable explanation of sucfa differences. Dr. Briickner has shown that 
in many places the ground moraine of Alpine glaciers is included in 
the bottom of the ice itself. The ground moraine, he says, frequently 
appears as an ice-stratum abundantly impregnated with silt and rock- 
fragments, — it is like a conglomerate or breccia which has ice for its 
binding material. Whan this ground-moraine melts out of the ice — 
no running water being present — it forms a layer of unstratitied silt or 
I'lay, with stones scattered irregularly through it. Such being the 
case in modern glaciers, we can hardly doubt that over the peripheral 
areas occupied by the oM northern ice-sheet boulder-clay must fre- 
quently have been accumulated in the same way. Nay, when the 
ground- moraine melted out and dropped here and there into quietly 
flowiug water, it might oven acquire in part a bedded character." 
Professor Geikie also believes that the drifts of middle and southern 
England, which exhibit the same complexity, will eventually be gen- 
erally acknowledged to have had a similar origin. 

The interglacial beds of northern Germany contain remains of a well 
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market] temperate Fauna and flora, wliich indicate, ai 
thinks, more thao a partial or local retreat of the ice-ahe' 
graphic distribution of the beds and the presence in tl 
forme as EUphai antiqims, Cervui elaphui, C. megaceroi 
comparable to that now existing, lead to the belief that 
cial epoch was one of long duration and characterized by 
ditions apparently not less temperate than those of the 
Penck, Bohm, and Briickner find evidence of two intergl 
and maintain that there have been three distinct and sej 
of glaciation in the Alps. Others, however, as M. Falsan 
French glacialist, do not believe in the existence of an; 
epoch, although they readily admit that there were great] 
retreats of the ice during the glacial period. 

Successive marifinal mor^nes, the outermost lying, as 
part of the Mississippi basin, at a considerable distance 
extreme limita reached iiy the ice-sheet, are traced acr 
Germany, and (marking later stages of the glacial recet 
the aonthern coasts of Norway, across the province of 
Sweden, passing through the lower ends of lakes Wener 
and in Finland from Hango Head, east-northeasterly, pai 
lake Ladoga. 

The author believes that the loess is for the most par 
origin, referring its deposition to the flood-waters of ( 
spreading their fine sediment over wide regions of the 
in the slack waters of the rivers and in temporary la 
remarks that there are dillerent kinds of loess or locss-i 
and that all need not have been formed in the same wa 
some may have been derived, as WahnsclialTe has snggee 
denudation of boulder-clay ; and there are still other ac 
as the berg-loeas, with its abundant land shells, which 
theory will satisfactorily explain. Such loess is apparen 
of subaerial action, of rain, frost, and wind acting upo 
ficial formations. 

Fal.'colithic implements, giving evidence of the early a 
man in Kurope, are found, as Prof. Geikie has long m 
beds of glacial and interglacia) age ; and he believes (hatti 
but only neolithic implements, showing increased skill in 
facture, occur there in postglacial deposits. 

This address closes with the suggestion that when the i 
the glacial period and the causes that gave rise to thet 
more fully and definitely ascertained, we shall have ad 
way toward the better understanding of the climatic cond 
earlier periods, the problem being stated as follows; — ' 
chief factors in the present distribution of atmospheric 
and pressure Is doubtless the relative position of the gr 
water-areas ; and if this be true of the present, it must 
of the past. It would almost seem then as if all one I 
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aseprtain the climatic conditiona of &ay p&rticular period was to pre- 
pare a map depictiog with some approach to accaracy tlie former rel- 
ativa poaition of land and eea. With Bach a map could our meteorol- 
ogiata infer what the climatic conditione must have been? Yes, 
provided we could assure them that in other reapecta the physical 
conditions did not differ from the preeent. Now there is no period in 
the pant liistory of our globe the geographical conditions of which are 
better known than the Pleistocene. And yet wlien we have indicat«d 
these upon a map, we Bud that they do not give the resulta which we 
might have espected. The climatic conditions which they seem to 
imply are not such aa we know did actually obtain. It is obvious, 
therefore, that some additional and perhaps exceptional factor waa nt 
work to produce the recognized results. What was this disturbing 
element, and have we any evidence of its interference with the opera- 
tion of the normal agents of climatic change in earlier periods of the 
world's history? • • • • The aoeceaa with which other problems 
have been attacked by geologiata forbids us to donbt that ere long we 
shall have done much to dispel some of the mystery which stil) envel- 
ops the queatjon of geological climates." 

Solar heat, Oravitation and Sun-rpoU. J. H. Kbdzie.' Two hun- 
dred and seventy-eight years ago dark spots were first discovered on 
the Bun, and they have been the source of much discussion and re- 
search. Sometimes they are so large that they can be seen by the 
naked eye, covering millions and even billions of square miles. They 
frequent two belts on the sun's surface equi'distant from the equator, 
fading out along either edge. These belts of maximum frequency 
extend from ten degrees either side to about thirty degrees north and 
south from the equator. Tbcy increase and iliminisb in frequency 
at nearly regular periods of about eleven yeara. Wheo they appear 
at the edge of the sun's disc their perspective clearly shows that they 
"are immense chasms in the strata of the photoapheric and pen um- 
bral clouds, laying bars for the time the inner, darker and cooler 
nncleusof the sun." They arc exceedingly variable in size and duration 
— the latter varying from a few hours to weeks or months. 

As already stated, the interest of the book culminates in the diecuH- 
sion of these spots, and in the application the author makes of his 
general theory to their explanation. A few more ascertained facts 
respecting the nature of the sun's photosphere and these spots will 
serve as an introduction to this explanation, viz : It has been deter- 
mined by actual experiment that the umbra emits fifty-four per cent, 
and the penumbra about eighty per cent, as much heat as a correspond- 
ing part of the photosphere. This shows that the heat of tlie pho- 
tosphere is not derived from the interior of the sun, and consequently 
must come from without, from a supply independent of the internal 
heat of the sun. 2nd. The lightest portions of tbe photosphere are the 
hotteet The facuice, "tbe sun's Himalayan mountains of light" are 

'For other portions of this review see pp. 181, 246 and 300. 
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the moBt d&zzlingly whito, and the hottest. 3rd. If the sun had no 
external Bonrce of anpplj of heat it would onlj be a queetioD of time, 
and according to the best authorities a brief time at that, when the. 
sun «-onld be bo far cooled down aa to readerthe earth ud inhabitable.* 
4th. The heat of the photosphere ia bo inteoBe that chemical affinil; is 
snepended, or abrogated, and the elements exist, all or nearlj all, in 
the condition of gasee, deacending gently or floating in flocculent 
clouds of fire throughout the wlidle expanded atmosphere. 

In the light of these couBiderations, and by resort to the theory of 
light and heat which has been presented, the reader will quickly ap- 
prehend the uBe the author makes of the sun's spots not only to fur- 
ther elucidate hie general theory, but to offer a new theory ot their 

The ipoU are cooUdplacti on tfuaun'i phototpkere. They are shadows, 
not of intercepted light, but of force- waves of the surrounding ether. 
They are "spells of weather" produced by similar causes as those <A 
our atmosphere, viz. : variations of temperature in the enveloping 
atmosphere and clouds. 

It ia incumbent on the author to fnrniah a plausible cause for such 
shadows. He attribntee them to Jupiter and the other planets. They 
intercept waves of mechanical force, or gravitation, carried by the 
undulations of the ether, and produce about the sun's equator a 
deficiency of energy in the photosphere. The sun's poles are hotter 
than his equator. 

In order to show that this Buggestion is plausible some arguments 
are drawn from the unequal rotation of the spots acrosa the buh'b 
disc. That is, since the equator ia cooler than the polea there must be 
a. circulation in the aun'a envelop similar to that of the earth's atmos- 
phere. Consequently those spots that appear at the greatest distance 
from the equator will show the "lagging behind" or the accelerated 
rate which the circulating tides and the winds ot the earth show in 
making their regular courses from north to south, or uice uerno. Bat 
the fact that the spots are most numerous in two equatorial belts is 
bandied bo convincingly that it proves one of the strongest argnmenta 
in favor of tbeauthor'stheory. The average inclination of the planets' 
orbits to the axis of the sun ia leaa than thirty degrees. They there- 
fore concentrate their force of interception upon the equatorial regions, 
and this appears in two belts of maximum frequency of spota, each 
fading out toward the equator, because at the equator the downpour 
of the cooled elements toward the nucleus causes the spots to disap- 
pear in their deeper seated journey back to the poles, and the more 
heated superficial strata rush in to take their place. The sun's equa- 
torial region is therefore, like that of the earth, one of greater atmoa- 
pheric commotion, with occasionally "cyclonic" spots. 

The periodicity of the maxima of sun-spots ia made to throw further 
evidence on the interception theory of their cause. It is found that 

'Newcomb's "Popular Astronomy." p. 518. 
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there ie an approiimate agreement between tbe perihelia of Jupiter 
and these maxima. Those instances in which the agreement is not aa 
doee are supposed to be due, when not referable to inexact or insuffi- 
cient obseiration, to the greater concentration of the perihelion influ- 
once of some of the other planets at somewhat different periods. 

In conclueioQ, while it ie possible to point out difficultiea in accept- 
ing the author's views, and his application of them to some of the 
facta, there ie much that is original and striking in this work, and it 
can not but play an important part in ultimately bringing the science 
of astronomical physics into consistent accord with acceptable doc- 
trines of the nature and action sod origin of the sun's heat. We com- 
mend the book earnestly to alt students of the celesUat mechanics. 
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The cBBuicAL okiqin of thb Vebhiuoh lake ibon c 
article which is published in the November number — 0\ 
Chemical OrLginoUlie Iron OresoftheKeewftttn in Minnes 
Winchell and H. V. Winchell— the statement of opiniom 
the late profeaeor Irving and myself are bo different f: 
views that I ask that you insert in your nest number the 

On page 291 the article says : 

"It is evident that the papers of the late Prof. R, D. I 
Prof. C.R. Van Hise, while mthe main ciinsideringthe p 
the point of view of the "Huronian," have also embi 
scope of the phenomena cited, agroup of atrat^ much old 
everywhere unconformahlv undtr the Huronian, and whi 
aeriee of facte which are distinct from those appe rtaining 
nian as found in the Fenokee-Gogohic and Mesabi regioni 
founding of two formations, and the placing in one catego 
ical and structural phenomena that are separated into tw' 
great time interval, and by structural unconformity, hav 
cated the problem that hitherto no theory has been foun 
covering all the facts. The esiatence of this widespread I 
has been shownin recent reports on the geology of the n 
A. C. LawHon, A. Winchell, and by the writers; and IhI 
al«o recognized by Irving (7tb An. Rep. U. S, Geol. Sur.)' 

As a matter o( (act professor Irving recognized this tmci 
early as 1881. This is perfectly evident by hie six genera 
ical sections of the lake Superior basin, (Copper-Bear 
Lake Superior, page 416), in all of which the Animik 
placed in nnconformity above the gneisses and echiats. 
November number of the American Journal of Science f 
261, profesaor Irving describes in detail an unconformity 
Animikiebeds in Gunfiint lake and the undertj'ing schi 
the locality described by professor Alexander WinchelJ ol 
sota Sorvey several months later (Volume i. No. 1 of tl 
Gkolouist, pp. 14-24). 

The article assumes that the schists referred to above 
unconformably below the Animikie are the same as the 
bear the iron ores in and about Tower and Ely, Minn. T 
as settled the very question at insue. To call the rocl 
Animifcio, Keewatin, and the rocks which bear the Ve 
iron ores, Keewatin, is no evidence of equivalence. It v 
Irving'a opinion that these formations are not equivalei 
the Animikie series and that bearing the Vermilion lake or 
alcnt. The reasons for this opinicn can not be given bei 
ence is made to his elaborate discussion of the whole qu< 
7th Annual Report of the U. S. Geological Survey. 

On page 294 of the article in the American Geoloqist is 

"The difficulties in applying the theory of Irving, i. 
somatic Btibstitution of oxides of iron for some pre-existin 
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appear wheo we search for the remainBoftheBuppoeed older carbonate, 
and when we find the country rock does not afford good reason to have 
expected the depoaition of any carbonate ; and also when we search 
for the remaining inifredientH which the assumed metasomatic process 
may have left in the ore." 

This implies that no carbonate of iron is found associated with the 
iron ores o£ Vermilion lake. This is not the caae. Professor Irving 
fonnd as early as 1885 finely laminated rocks which bear a large per- 
centage of iron carbonate immediately adjacent to the iron ores which 
occnr near Tower. Indeed, in his article on the origin of the iron 
ores in the American Journal of Science, he particularly emphasizes 
the fact of tbe presence of iron carbonate in these Vermilion lake ores, 
and in some detail describes the changes to which the rock has been 
subject. Among other facta is mentioned the formation of iron oxides 
pseudomorphous after iron carbonate. Analysis by professor W. 
W. Doniells shows that the amoant of iron carbonate in one 
, specimen collected by professor Irving in the summer of 1SS5 is aa 
high as 25 per cent. It was such facts as this, combined witli many 
other points of similarity between tbe Vermilion lake iron-bearing 
beds and the other important lake Superior iron-bearing horizons, upon 
which he based his argument for a like genesisof them. 

Tbe article in the Ahebican Gboloqist also implies that I have 
maintained an origin for the ores of Vermilion lake like that of the 
Fenokee- Gogebic country. I have refrained from expressing an opin- 
ion Upon that question. I only say in tbe American Journal for Jan- 
uary, 1889, "that it would be an interesting illustration of the uniform- 
ity of Nature's processes, if future investigations should show that tbe 
iron ores in the other regions of the lake Superior country have an 
origin like those of the Pen okee- Gogebic series." 

It is not my purpose here to discuss the opinions expressed by tbe 
authors in the paper, but merely to correct the misconceptions which 
are contained in the paper as to the work and opinions of the late pro- 
fessor Irving. 

C. R, VanHibe. 

Madison, Wis., Nov. 9, 1889. 



Prof. Van Hise calls attention to the fact of the recognition by Prof. 
Irving of the unconformity between tbe Animike and tbe underlying 
gneisses and schists in the vicinity of Gunflint lake, and refers to Prof. 
Irving' s generul sections of the lake Superior basin (Copper-bearing 
rocks of lake Superior, p. 41G), and to his descriptions in the jltn. 
Jour. Sci. for 1887, p. 261. Prof. Van Hise qnotes these as evidence 
that the statements made in the November Gbolooist,' to the effect 
that Prof. Irving did not recognize the two great iron-bearing horizons 
in the northwest and in his attempts to account for the exiBtence of 
s of the Eeewatin in 
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the iron ore confounded them in one consideratioD, and covered them 
both by the eame hvpotheais, are incorrect. 
Prof. Van Uise is very unfortunate in referring to the general sec- 

tione made of the lake Superior basin by Prof. Irving and published is 
Copper-bearing rockt of lake Superior. Not only is there no evidence in 
the sections themselves that Prof. Irving recognized the ont^nformity 
nhicb the article he criticises refers to, bat, token with the text, and 
in connection with the diagram on p. 417 of the same work, they can- 
£rm unquestionably tlie statements made by us in the November 
Geologist. In the first place the sections represent "gneiss, granite, 
etc.," as lying unconformably below the Animike, not "gneiss and 
Bchiste,'' and throughout the volume he describes these as a. part of 
the Laurentian. There is at no place in the volume, so far as we can 
BiSCertuin, any reference to the great Keewatia formation — the green 
schists that enclose the Vermilion lake iron ores — which we state are 
also unconformable beneath the Animike. In tbe next place if we 
examine the diagram given by Prof, Irving on p. 417 of the same vol- 
ume we see at once that the unconformity of which we speak wu 
wholly unknown to Prof. Irving at that time, for this diagram repre- 
sents tbe Huronian "unfolded" as continuous northward and becom- 
ing the "Folded Iluronian," and involved there with crumpled Lau- 
rentian in some such way as to constitute what has been separated 
from the Huronian under tbe name Keewatin. At the toot of the 
same page Prof. Irving shows that he had not apprehended the 
distinctness of these schists from the Huronian, by the following, 
statement: "The connection of these folded beds with the unfolded 
is a structural problem still needing investigation." 

Prof. Van Ilise is almost equally unfortunate in referring to the 
paper of Prof. Irx-ing in the Am. Jour. Set. vol. xxxiv, p. 261 ; for the 
schists that Prof. Irving there refers to are not admitted by him, (nor 
either are they by Prof. Van Hise) to be iron-ltearing, and continaoue 
to Vermilion lake. It is true that the non-conformity that is repre- 
sented by Prof. Irving at Gunflint lake,' between the Animike and the 
lower schists and granites, actually does exist. It is also true that the 
same overlaj> of the Animike is to be seen on later schiste, at points 
further west in the direction of the strike of the lower schists, and that 
these Hitghtly higher schists embrace the ores at Vermilion lake. This 
unconformity at these western pointe, and its identity with that at 
QunOint lake, was not admitted by Irving — nor is it yet by Van Hise — 
and therein is the complication and confuaion that has arisen in at- 
tempting to apply the same theory for the origin of tbe iron ores to both 
formations, b» represented in the article which is criticised by Prof. 
Van Hise. This lower horison of schists has been traci>d carefully and 

'This unconformity was described briefly in the same number of 
the Am. Jour. Sci. by A. WinchjU. of the Minnesota Survey, It had 
been first noted by N. H. Winchell in 1S78. See the ninth report of 
the Minnesota survey, pp. 10 and 82 ; also compare Bnlletin No. 1, of 
the Minnesota survey, p. 33; and the seventeenth report, p. 15. 
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continuoualy between VermiHon lake and Gunflint lake and the points 
of nncoafoTmity with the overlying Animike have been mentioned in 
sever&l pl&ccB in the reports of the Minneecta snrvey.* There ie no 
Keological fact in connection with the work of the Minnesota survey on 
the crystalline rocks which is more confidently afRrmed, or attested 
by more recorded facts of observation than that of the continuance of 
the Kecwatin from Vermilion lake to the north side of Gunflint lake, 
and the anconformity of the Animike with the Keewatin at all places 
where the two formations can be compared. That it in the Keewatin, 
and not tlie Animike that holds the ore at Tower, this is no place to 
inquire. The reports of the Minnesota survey attest that conclusion 
in many places. If the facts stated in the Minnesota reports be not 
BVfBcient "evidence of equivalence" of the formations at these two 
points to satisfy ProF. Van Hiee, we shall have to abandon the effort 
to do BO. The hypothesis of Prof. Irving that some portion of the 
Animike has got entangled with the older scbistH at a point (at Tower) 
twenty miles distant from its known line of strike soutli of the Giant's 
range, and that the Animike once was continuous over the Giant's 
range to that point, is, so far as we know, the only evidence (if it may 
be so classed) of the Animike age of the Tower rocks. Prof. Irving's 
mistake consisted in having supposed the differences in crystalline 
structure that he noticed between two seta of rock aamples from the 
Vermilion lake region (viz. some from the trae crystalline schists and 
some from the Keewatin, or a emi- crystalline schiste) were the ana- 
logues of the differences he noted between two other sets of rock sam- 
ples from the Marquette region (viz. some from the diori tic schists 
and greenstones and some from the iron-hearing fragmental Huronian) \ 
whereas these differences themselvee are not only not of the same 
class, and are due to different cauees, but the compared (onnations 
from which the samples were derived, do not occupy the same strati- 
graphic position. 

Prof. Van Hise's reference to Prof. Irving's description of carbonate 
of iron in the Vermilion ore constitutes an important correction of our 
paper. We had not observed the fact reported by Irving, It ought 
to be taken into account in further research on this subject. We have 
referred to and read carefully the whole discussion of this carbonate in 
the Tower ore by Prof. Irving,* and it bears to us internal evidence 
that there was possibly some confusion in the labeling of the speci- 
mens from Minnesota, and that the carbonate and the "actinolitic 
magnetite slates" containing so ronch carbonaceous matter were not 
from the vicinity of Tower, but from the Animike at some points on 
the Meeabi iron range. We have never found such in the region of 
Tower, nor at any place in the Keewatin formation, bat they are a 

'Compare the 16th report Minnesota survey, pp. 67'7I, 79, SO, 23G, 
265-259, 323, 357-359; seventeenth report, pp. 87, 88, 91, 104, 108, 
110, 1S6. 

Mm. Jour. Set. vol. xjtxii, 1886, p. 269. 
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h^ Aoimike iroa-bearing rockf 
sritic iron in the Vermilion ran 
cciaa and veins, but it ia of se 
;uent. It \b Found in large crji 
>yrite and coarse micaceoos he 

N. H. WlNCSBLL Al 

TV. 17, 1889. 

TJiNTAiTB. Thia mineral wai 
ike and baa ever eiace borne th 
jcription, bowever, was pobliel 
le Engineering and Mining Jc 
3f Uintahite.' Me said : 
n a conchoidal fracture, is very 1 
, with a sp. gravity of 1.065 to 
8, with a rich bruwn streak, fn 
has considerable plasticity wb< 
and fats and in warm oil of ti: 
ler. It also disBolves in melt 
g ozokerite. It is more fusil 
ier than Piauzite and contain 

analysis is reported in the aami 



With the added report on solubility — Bisulpl 
rofonn dissolve it completely; benzole diseolv 
66.5 per cent, and absolute alcohol 9.6 per cent 

t'pirit of turpentine, it is said, appears to b 
solvent of this mineral. 

The Gilsonite or Uintaito occurs near Fort D 
the Uinta &. Uncompahgre Indian reaervatio: 
about 5 feet thick, with smooth sides trdversin) 
has been followed for about two miles and traci 
hundred feet still retaining its full tbicknees. 
are somewhat comminuted by the weather, ba 
in quality. 

It seema likely from other reports that then 
same or a very similar mineral in the neighboi 
described, and a company has been formed to 
it will be suitable for the various purposes for ^ 
.demand, especially for paving. Thus far it haf 
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ofactare of black Tarnishes, for which purpose a large qnantitj was 
last year sent to Knrope. 
Akron, 0., Nov. 1, 1889. , E. W. Cl4TP0I.«. 



Trb oeolooy of the Hontuorbnci. A oobbbotion in a date. The 
m&m object of the present note is to correct an error in dates as given 
at the head of an article as below. In the number of the Gbolooibt 
for August, 18SS (vol. ii, pp. 94-lOOJ, is a reprint of an article hj Dr. 
Enuuons ou the "Geology of the HontTuoreuci." It is stated to be 
taken from the American Magazine, November, 1847." This date is 
wrong. It should be iSit. The article is in volume one of the above 
periodical, pp. 148-lftO. No notice seems to have been taken of thia 
error in dates, but it was called to my attention when fortunate enough 
to see the original paper, which, by the way, I was a long time in 
doing, because of the very error alluded to. 

There were only two volumes of the "American Magazine" pub- 
lished, and these cover the years 1841 and 1842. In tbesecond volume, 
pp. S-9, Dr. Emmons published another article in which he gives in 
detail the lithological features of the Hudson River rocks as seen on 
lake Champlain. He mentions their extent from Canada to Mexico 
and discusses the dislocation and change of position they have under- 
gone. He also discusses the period at which the dislocation took 
place, and illustrates bis remarks by two diagrams. In one of these 
he shows a fault on take Champlain with the Trenton lower than the 
Calciferous. In the other the Hudson shales abut against rocks ol 
Lower Helderberg age, namely, the Delthyris shale, Pentamerus lime- 
stone and Manlius waterlime. 

Wathington, D. C, Nov. 19, 1889. Joseph F. Jahbb. 



PERSONAL AND SCIENTIFIC NEWS. 

AtTHB MBETINa OP THE BOSTON SOCIETY OP NATURAL HlB- 

TORY, Nov. 6th, a communication from Prof. G. Frederick 
Wright stated the details of the finding of a small image at 
the depth of 320 feet in boring an artesian well at Nampa, in 
southwestern Idaho, about August Ist, 1889, with correspond- 
ence relating thereto. The image, which ia about one and a 
half inches long, representing the human form, is made of 
baked clay, being identical in composition with the "clay 
balls," small lumps of irregular shape, that were found a little 
higher in the boring. It ie a clay that has resulted from the 
decay of volcanic rocks, and in both cases it encloses micro- 
scopic particles of obsidian. The same kind of sand also ia 
cemented on the surfaces of both by a slight incrustation of 
iron rust. The strata penetrated by the well are reported by 
Mr. M. A. Knrtz, who had charge of the work, as follows, in 
descending order : — soil and sand, 60 feet ; lava-rock, 12 to 16 
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feet ; quicksand, lOU feet ; c!ay, 6 inches ; quicksand, 40 feet ; 
clay, 6 feet ; quicksand, 30 feet ; clay, 12 to 16 feet, at depth 
of about 250 to 265 feet; then, "clay balls mixed with sand," 
underlain by "coarse sand in which the image came up," and 
next "vegetable soil," resting on "sandstone." The well was 
bored at Nampa station, on a line of railway, about twenty 
miles southwest of Boise City ; the elevation of Nampa being 
about 2.500 feet above the sea, and that of Boiee City about 
2,875 feet. The image came into Prof. Wright's poseession 
through the courtesy of Mr. Oumming, general manager of 
the Union Pacific lines in that district, and of Mr. Charles 
Francis Adams, president of the Union Pacific railway com- 
pany, both of whom were at Nampa shortly after it was found. 
A letter from Mr. S. F. Emmons, of the U. S. Geological 
Survey, in response to inquiry concerning the geologic position 
of the beds penetrated at Nampa, states his belief that they 
belong to the Pleisiocene, but are probably older than the 
gravel and sand beds in which human implements or other 
traces of man's presence have been found elsewhere in the 
United States, excepting, perhaps, in California. 



In the discussion following this paper. Profs. Putnam, 
Haynee, and Morse stated their opinions that the image ap- 
pears to be genuine, its condition and character being in keep- 
ing with the reported details of its discovery. Professor Cope 
spokeof his exploration of the fossil vertebrate faunas of that 
region, which would indicate for the Nampa beds a Pliocene 
or Pleistocene age. Mr. Upham suggested that these beds, 
excepting the lava, may be referable to fluvial action during 
the glacial and postglacial periods, perhaps, therefore, 
being no older than the modified drift in which palseoliths 
have been found in New Jersey, Ohio, Indiana, and Minnesota ; 
and Dr. Fewkes remarked upon the Quaternary and even very 
recent age of various lava-flows in the western United States 
although at the present time no active volcano exiata there. 

ThbKahbas Academy op Science, held its annual sesaion at 
Wichita, on the 24th, 25th and 26th of October, 1889. The pro- 
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framme contaiaed a long list of papers od variouB aubjecta- 
D Entocnology, tbe paper of Prof. Sooir, of the State Udi- 
vereity on the propagation of a fuagoidal disease amongst 
cbinch bugs, and (be wide spread destruction of the peats ap- 
parently reatiiting therefrom, elicited considerable discussion 
in which Dr. Kellerman and Prof. Popenoe of the State Agri- 
cultural College, took part. Future seasons will have to de- 
termine whether this year's results, are general, or owing to 
special conditiona. In electricity profeaaor Blake outlined 
the principle of a micro-telephonic apparatus, by which sound 
signals ma^ be conveyed under water to ships at sea or from 
ship to sbip at a diatance of upwards of two milea. In oth- 
er deportments of science many papers of more than technical 
interest were read but in geology the papers were few, though 
several on minerals and mining attracted much attention. 
Hon. J. R. Mead of Wichita had an interesting account of placer 
gold-mining in Montana and Dr. Newton of Oswego, sent a 
paper on some glacial (?) striee in southern Kansas which 
places on record some valuable observations even though its 
concluBions be not taken without reservation. Prof. Cragin 
had some titles of interest on the Comanche Cretaceous, etc. 
but owing to his late arrival the papers were not read. Prof. 
Hay, who haa recently been investigating several groups of 
artesian wells with special reference to their availability for ir- 
rigation, had a paper on the causes of the flow of these wella. 
While attributing most of them to the ordinary cause of arte- 
sian wells, the writer gave examples in which the column of 
water is held up to the point of overflow by inflow of gas. 
Others were given in which the flow of the wells, which is in 
each case small and the depth considerable, was attributed to 
rock pressure, rather than to gaa or hydroatatic pressure. The 
last day of the session was given to an excursion to Kingman, 
forty-five miles west of Wichita where salt-making processes 
were examined at three plants, and the salt mine was visited, 
though, owing to temporary disarrangement of the machinery, 
no one could descend ; yet the party secured abundance of 
specimens of the rock salt which has been brought from an 
eleven foot vein at a depth of 800 feet. The entire session of 
the Academy was a success, not the least successful part being 
the public lecture on the chemical components of the human 
body by the president, Prof. D, H. Dinsmore of the State 
Normal College. Prof. Failyer of the Agricultural College is 
the president elect. 

The irrigation problem in Dakota has been the subject of 
a review by Prof. Culver, of the Dakota University. Two 
plans were considered, that of artesian wells and that of a 
ayatem of canals fed by the Missouri river. It appears that 
large areas in South Dakota can be irrigated by artesian water. 
The Sioux quartzyte, that underlies Union, Clay, Lincoln, 
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"l&rge countiies." Unfortunately the undersigned have not 
received any response to the letters addressed to Mr. Hauche- 
corne of the executive fiommittee on the map, and are therefore 
ttnable to propose a plan of distribution. 

The London Congress decided that the next session should 
be held in Philadelphia, Pennsylvania, United States, and ap- 
pointed a provieiunal committee to take such action as might 
appear best to provide for the Beesion. This committee 
appointed a larger committee, of which Dr. Newberry is chair- 
man. 

Your committee reports progress and asks to be continued. 
.f\HES Hall, Chairman, 
Pbksifor Frazeb, Secretary, 

This report was adopted and the committee was continued. 

The second anndal meeting of the Western Society of Nat- 
uralists was held at Madison, Wis., Oct. 23rd and 24th. Pres- 
ident T. C. Chamberlin gave an evening address on "The 
method of multiple working hypotheses." Much of the time 
of the meeting was given to a discussion of methods in inves- 
tigation and instruction and the exhibition of apparatus. 
Profs. Barnes and Van Hisediscussed laboratory microscopes 
and petrographic methods. Profs, Arthur. Bessey, Salisbury, 
McMillan-and Birge carried on an interesting and profitable 
discussion of "Laboratorv facilities in vegetable physiology," 
and '"What to do with a oeKinner in botany." There was an 
exhibition of the Newton and Wright electric projecting micro- 
scope. Profs. Birge, Nachtrieb and Barnes read papers on 
"Elementary bacteriology in college courses," "Taking of 
food by certain protozoa, especially Paramrecinm," and 
"Recent methods in bistology and embryology." 

The Society adopted a resolution urging the free importa- 
tion of scientiiic books and apparatus. 

The following officers were elected for the ensuing year: 
Prof. C. E. Bessey, Lincoln, president; Dr. E. A. Birge, Mad- 
ison, vice-president; Dr. J. S, Kingsley, Lincoln, secretary; 
Dr. Stanley Coulter, Lafayette, treasurer; the time for the 
annual meeting was changed to November and the next will 
be held at Lafayette, Ind. 

In the July number op the American Geologist mention 
was made of the finding of the teeth of a mastodon by Dr. 
Stephen Bowers in Ventura, California. The doctor refers 
them to Mastodon akephardi. He also discovered what he 
believes to be the remains of the large llama, Solomenigcua 
ealifomicus. He also reports Equus occidentalia from that 
locality, and remains of a large seal, Eumetoppiaa stelleri. 
Of the latter he found the skull, teeth, vertebra and other 
bones. Also the remains of whales, the vertebrse measuring a 
foot in diameter. The most numerous remains of the whale 
are those of Sserichttua davidsoni. He has also found the 
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teeth of Carcharodon rectus Bomewhat numerous, 
tebratea hnve been collected in Ventura county in ] 
ADce. It is a rich field for the geologilt, and has a 
bearing on the physical history of California, and c 
slope. 

Ma. R. G. McCoNNELi,, of the Canadian geologi 
has returned from his inspection of the region 
Peace and Athabasca rivers. He commenced abo 
north of Calgary and extended his operations ft 
miles further north to the vicinity of Vermilion. 
embraces an area of 30,000 or 40,000 square mile 
this tract was ever explored before by white mt 
deal of it is good farming land, but swamps abour 
it unfit for settlement. The trees are principally 
poplar. Speaking of the deposits of oil reported to 
McConnell said he certainly found quantities of ta 
the presence of oil, but just in what quantities r 
was not prepared to say before making his reportf 

Prof. Arthuk Winslow, state geoi^gist of M 
entered upon the active prosecution of the survey. 
quarters will be at Jefferson City. He has madet! 
selections for assistants : James D. Robertson, 
University, St. Louis, assistant geologist ; I)r, 
Washinpton University, St. Louis, assietant pall 
Klston Lonpdale, Columbia, aid to the palseont< 
Gluck, Lamonte, aid and mining engineer; Pre 
Jenncy, of the U. S. Geol. Survey has been assigi 
surveying the lead and zinc deposits in co-operatii 
Robertson. 

Aktesian water from the Aroheak. Opera 
Minnesota Iron Company at Tower, Minn., in sink 
drills into the Keewatin rocks to determine the ] 
extent of the ore deposits, have resulted in produi 
or flowing wells in several instances. The watei 
cold, and flows at the rate of three gallons per 
the depth sometimes of over five hundred feet in 
direction of the drill, or about two hundred and f 
pendicular depth. It is found to be useful anc 
the mines. 

Pkofessoh Daniel Kirkwood, for many years 
of astronomy in the Indiana State University at P 
has removed his residence to near Riverside, in st 
fornia. 

Dr. Leo Lesquereux, the eminent PAi-.^iOBOi 
at Columbus, 0., Friday, October 25th, in his 
year. In a subsequent number of the Geologist 
an appropriate sketch of his life and work. 
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